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ABSTRACT

Studies were conducted over a four year period to determine the
effects of photoperiod and certain cultural practices on earliness
of tomatoes grown in Louisiana.

The mode of inheritance of this

character was also studied.
Results of photoperiod studies showed that a long day-length of
16 hours significantly increased vegetative growth over a 10 hour
photoperiod.

The longer photoperiod also caused an increased number

of flower clusters.

However, the 10 hour photoperiod promoted earlier

flowering and fruiting in the tomato than the 16 hour photoperiod.
Cultural treatments gave varying responses in regard to earliness.
The use of Duraset 20w (n-m-tolylphthalamic acid) as a whole plant
spray before flowers had formed on the first cluster caused an increase
in early flowering and early fruiting.

Exposure of tomato plants to

different temperatures resulted in wide differences in early yield.
When young tomato plants were exposed to a night temperature of 50®-55°
F. and a day temperature of 80®-85o F., increased early yields were
obtained.

Low night temperatures of 35° and 40° F., or high night

temperatures of 70° and 80° F., reduced early yields.

A continuous day

and night temperature of 70° F. gave results similar to the 50°-55° F.
night temperature treatment.

Leaf pruning of young tomato plants

decreased early yields.
Highly soluble fertilizers used as a starter solution did not
increase early production.
Black polyethylene row mulch, when compared with clean cultivation,

viii

did not increase early yields.

Certain varieties, however, were

earlier than others whether the plants were mulched or clean cultivated.
Topping of tomato plants after a given number of clusters had
formed, and pruning plants to two stems did not increase early produc
tion.

Spacing plants closer than the recommended 24 inches on the

row did not increase early yields.
Early flowering and early fruiting of F^ hybrids were found to
be intermediate to the parents.

Of the nine F^ tomato hybrids grown,

only one, Floralou X Pinkdeal, showed heterosis by exceeding the
early production of the earliest parent.
The inheritance of early flowering of several parental combina
tions was studied for two seasons.

The number of flowers produced by

certain dates of each season was used to determine the expression
of the earliness character.

The F^ and F2 progenies were found to be

intermediate to the parents, therefore, absence of dominance was
indicated.
Data obtained for early fruiting suggested that this trait showed
partial dominance, since, in each case studied, the F^ mean was larger
than the mean of the lower parent.

Plant distribution in the F2 popu

lations showed plants often exceeded the range of either parent in
production of early fruit, which indicated transgressive inheritance.
Correlations were calculated to determine the degree of associa
tion between flowering and fruiting.

The very earliest bud and flower

counts appeared to be more closely associated with early yield than
were later counts.

The number of open flowers at an early date was

more closely associated with the number of early ripe fruit than any
other measurement of flcwering.
The character for early flowering and early fruiting was strongly
influenced by environment, as shown by the high variances obtained
within the genetically homogeneous plant populations of the parents
and F^’s, and by the low estimates obtained for heritability.

x

INTRODUCTION

Tomato production in Louisiana is primarily for fresh market.

In

general, tomatoes grown for fresh market are sold at a significantly
higher price than those grown for processing.

Statistical data show

that tomatoes grown for processing in 1964. throughout the United States,
were sold for $30.30 per ton. while fresh market tomatoes were sold for
an average of $153.00 per ton (17).

The average price of Louisiana

grown tomatoes for the same period was $266.00 per ton, which is con
siderably higher than the national fresh market average.
Although the tomato acreage in Louisiana is small as compared to
that of many other states, itis important since

the crop is harvested

during a period in the late spring when the tomatoes of large producing
areas are not on the market.

At this particular season when the large

early spring harvests from Florida, Texas, and California have been
completed and before the early summer harvests from the central states
have begun, there is a demand for the crops produced by Louisiana,
Mississippi, South Carolina, Georgia, and Texas.

Acreages are not as

large for this season as for those of the early spring and early summer
harvests, and, therefore, the tomatoes are sold at a premium price.

On

an average for the seasons from 1938 through 1962, Louisiana growers
received $10.78 per hundred weight for fresh market tomatoes.

For the

1964 season, the average price received by Louisiana growers was $13*30
per hundred weight.

These prices are extremely high when compared to

those of other areas of the country.
While the price per hundred weight is high, the per acre yields of
tomatoes produced during the late spring season are generally not very
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large; however, a high quality fruit Is produced.

In 1964 the

average marketable yield for the five states producing tomatoes during
the late spring was 52 hundred weights per acre, while the early summer
producing areaB averaged 122 hundred weights (17)*

Most farmers in

Louisiana strive to produce a very early crop, and they need to know of
cultural practices that enhance earliness.

In addition, better varie

ties are needed for their ability to produce early yields under Louisiana
conditions.

These growing conditions vary considerably within a season

and from season to season.

Therefore, a variety that flowers, sets fruit

and ripens tomato fruits early under fluctuating weather conditions, is
needed.

Seeding of tomatoes In Louisiana begins in late winter when the

day length is short and temperatures are low.

At the time of trans

planting, the danger of frost damage is present, and plants must be
hardened prior to field planting.

During the period of first flower

cluster development, low night temperatures often cause poor fruit set;
while later in the season high temperatures may cause a similar problem.
Therefore, an early tomato variety that sets under the adverse conditions
of low night and high day temperatures 1b needed for best production.
Also, cultural practices should be developed which will enable the grower
to produce higher yields of early fruits.
This study was conducted in an effort to determine which cultural
practice would enhance early tomato production in Louisiana.

Also, the

influence of photoperiod on plant growth and flower production, and the
mode of inheritance of the genetic character for earllnese of flowering
and fruit production were studied.

REVIEW OF LITERATURE

The cultivated tomato (Lycopersicon esculenturn) is of Tropical
American origin (8,16,57).

The oldest written records of it date back

only about 400 years, which establishes the tomato as a very new crop
when compared to records of some other crops.

Early reports indicate

it was grown in maize fields and eaten by the ancient Mexicans, who
called it tomati.

Apparently, it was not too important as a food crop

during that time, possibly because of its highly perishable nature.

In

addition, it was thought to be a poisonous fruit.
According to Luckwill (110), the tomato first became known to bot
anists in the sixteenth century after its introduction into Europe from
South America.

He reported that Tournefort established Lvcopersicon as

a genus, recognizing it as distinct from Solanum.

He. listed nine

species, of which seven are varieties of the present day Lycopersicon.
Boswell's review (8) also established the early sixteenth century
as the approximate time when the tomato was introduced into Europe.
It was grown as an ornamental in Europe in the seventeenth century.

By

the end of the eighteenth century it was grown on field scale in Italy.
However, it was not an Important crop in the United States until a half
century later.
Carncross (16) referred to the use of the tomato in catsup in New
Orleans in 1779*

His report alBo states that it was introduced near

Philadelphia in 1796.

It was sold as a vegetable in 1629, and was a

popular food by 1336.

In 1865 Henry Tilden, of Davenport, Iowa,

released, Tilden, the first American variety.
Both Boswell (8) and Carncross (16) reported that commercial pro
duction of tomatoes in the United States was begun only about 100 years
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ago.
Boswell (8) credits Halsted (1918) and Price and Drinkard (1908)
as being the first investigators of the mode of inheritance of specific
characters in the tomato.

Their works dealt mainly with certain of the

most obvious characters, such as size, color, shape, and Internal
structure of fruits, surface character of cotyledons and leaflets,
plant stature and growth habit.
Young and MacArthur (223) and MacArthur and Chaisson (113) have
reported that all Lvcopersicon species are diploids with twelve chrom
osome pairs.
A summary of the inheritance of tomato characters studied prior to
1937 indicated that most represented single factor differences (8).

At

that time twenty genes were known, fifteen of which were located on ten
of the twelve pairs of chromosomes.
tained two or more known genes.

Six of the chromosome pairs

con

Chromosome I had been shown to have

genes for time of maturity (30).
Yeager (220,221) began work in North Dakota in 1919 to develop
tomato varieties that would mature in the relatively short season of
the Northern Great Plains area.

In addition to early maturity, vari

eties adapted to that area had to withstand desiccating winds and
frequent drought conditions.

He was instrumental in developing and

releasing several sparse foliaged, early maturing varieties which
produced consistent yields under the existing environmental conditions.
By 1927 two early determinate varieties, Viking and Fargo, which pro
duced much earlier total yields than either Red River or North Dakota
Earliana, were available, and it could no longer be said that tomatoes
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did not ripen in North Dakota.
Currence (30), Boswell (8), and Young and MacArthur (223), reported
that earliness in the tomato was quantitatively inherited.

In Currence's

studies, where late and early maturing tomato lines were crossed, the
behavior of Fifs was intermediate to the parents for the trait of time
of maturity, while the F2 progeny had all gradations of the trait.
As described by Falconer (43), quantitative genetics involves indi
viduals of a progeny which form a continuous variation from one extreme
of a character to the other.

Quantitative differences, in so far as they

are inherited, depend on gene differences at many loci, the effects of
which are not individually distinguishable.

Consequently, the Mendelian

ratios are not exhibited by quantitative differences, and the methods
of Mendelian analysis are inappropriate.

Nevertheless, quantitative

differences depend on genes subject to the same laws of transmission
and having the same general properties as the genes whose transmission
and properties are displayed by qualitative differences.

Quantitative

genetics is, therefore, an extension of Mendelian genetics, resting
squarely on Mendelian principles as its foundation.

Methods of study

in quantitative genetics differ from those employed in Mendelian
genetics since ratios cannot be clearly observed.

Single progenies are

uninformative and the unit of genetic study must be extended to "popu
lations", Bince the nature of quantitative differences requires
measurements and not a simple Mendelian classification.

In quantitative

differences the property of "variable expression" assumes great impor
tance because the expression of the genotype is modifiable by non-genetic
causes.

Other gene properties which are to be taken into account are

6
dominance, epistasis, pieiotropy, linkage, and mutation.
Powers (154) maintained that quantitative characters require more
refined statistical methods.

He credited the work of East and his

students as being responsible for furnishing proof that a combination
of genetic and environmental variation gave rise to the continuous
variation found in inheritance studies of quantitative characters, and
that quantitative characters were inherited according to Mendel's laws.
Hood (66) in 1915 studied the length of time required from fruit
set to maturity.
fruits from

His data showed that the time required for tomato

plants to ripen was longer than that required for either

parent.
Certain workers (4,112,152,155,156) have divided the tomato growing
period from date of seeding to ripe fruit into various component parts
in order to study inheritance of the components of the character for
earliness.

Ashby (5), studying the effect of embryo size on the

expression of heterosis, divided the life cycle of a tomato plant into
three periods:

1.) seed germination to onset of flowering;

2.) subse

quent growth during flowering period; and 3•) growth of the embryo from
the time of fertilization until the time of seed set.
Hackbarth, et al (26) found early flowering to be correlated with
early maturity of fruit in the F2 generation of an interspecific cross
between L. esculentum and L. racemigerum. Yeager and Meador (222) and
Young and MacArthur (223) reported that early blossoming plants usually
produced early fruits.
Powers and Iyon (156) investigated the inheritance of the duration
of three stages of development in certain crosses involving L. esculentum
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and L. plmpineHlfollum.
first ripe fruit into:

They divided the period from seeding date to

1.) number of days from seeding to first bloom,

2.) number of days from first bloom to first fruit set, and 3») number
of days from first fruit set to first complete change of color of any
fruit.

The sum of these stages represented a measure of the character

for earliness.

The purpose of their study was to determine if the

natural biological periods in tomato plant development are definite
sub-characters, and to obtain information concerning heterosis and
dominance,

it was their opinion that if characters under investigation

could be properly partitioned into components, the problems involved
would be greatly simplified.

The results led the authors to consider

the divisions made to be biologically sound, since it was shown that
the period from seeding to complete color change of fruit was composed
of these three substages.

A sunraary of all crosses showed that only

1.1 days was the mayjnrnm difference between variants for number of days
from first flower to first fruit set.

Although significance was obtained

for this substage, the differences were too small to be of practical
importance.

However, the other two divisions showed wider variations

which gave practical, as well as significant, differences.
Iyon (112) used the same system of dividing total variation into
component parts.

However, his subdivisions included some modifications

to account for the effect -f environmental factors such as hailstorm
damage which was considered by the author to be a part of the environ
ment in his area.

His data for the duration from seeding date to first

flower development showed that the geometric mean of the two parents
more closely approached the observed mean of the

generation than did
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the arithmetic mean.

Dominance was a factor and had to be considered.

He showed that by selection in the F2 generation,

progenies could be

obtained which were at least eight days earlier than Red Currant, the
early parent.

The mean of the F2 generation was clearly predictable

for the summation of all stages, as it was for any of the stages of
earliness when calculations were based on the assumption that the
effects of genes were geometrically cumulative and that dominance as
exhibited by the F^ generation was taken into account.
Powers, Locke, and Garrett (155) used Ponderosa and Porter vari
eties in crosses to study the inheritance of fruit set, period from
seeding to first ripe fruit, and weight per fruit.

The period from

seeding date to first bloom, from first bloom to first fruit set,
number of locules per fruit, and weight per locule were all found to
be controlled by three major gene pairs.

Percentage of flowers that

set fruits was differentiated by four major gene pairs, while period
from first fruit set to ripe fruit was controlled by two major gBne
pairs.

Thus the period from seeding date to first ripe fruit was

controlled by eight major gene pairs.

For the period from seeding

date to first bloom, both phenotypic and genic dominance were complete.
Intra-allelic and inter-allelic interactions were such that the effect
of the genes for this character was not cumulative.

Both phenotypic

and genic dominance were complete for the other two components of
earliness.

However, epistasis was not complete for the gene differ

entiating either of these characters, consequently, the inter-allelic
interactions of these genes were such that the effects of the gene
pairs were algebraically cumulative, whereas, the intra-allelic genic
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interactions were not.
Fogle and Currence (45) made an analysis of parents, F p F2 , and
backcross generations from a cross of Tiny Tim and Stemless Pennorange.
Components of fruit weight and earliness were determined by two methods;
1.) the partitioning method, and 2.) association with qualitative
characters used as chromosome markers.

The two types of analyses sug

gested four or more gene pairs affecting the period from seeding date
to flowering.

The partitioning method suggested three pairs of genes

having relatively greater effect on these characters than the others,
but this was not apparent in association tests.

Partial dominance was

indicated in favor of the shorter period, over the longer period, of
time from seeding date to flower development.

Number of days from

flowering to fruit set covered a relatively shorter time than the other
two stages of earliness.

Climatic environment undoubtedly had consider

able effect on the duration of this stage since a number of flowers
might absciss before any fruit set on a plant.

From frequency distri

butions it was assumed that three dominant genes for the shorter period
from flowering to fruit set came from Pennorange and one came from Tiny
Tim.

The Tiny Tim factor, however, appeared to have a greater effect

than those from Pennorange as indicated by the three day penetrance of
the backcross to Tiny Tim.

The period for number of days from fruit

set to ripe fruit appeared to be controlled by two major dominant factors
in Tiny Tim and a relatively minor one in Pennorange.

This hypothesis

gave good agreement to observed penetrance in the segregating generations.
One of the dominant genes in Tiny Tim might have had greater effect
than the other.

The authors pointed out that the complex nature of the
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data of the period from seeding date to ripe fruit limited conclusive
statements relative to its inheritance.
Corbeil (24) considered tomato plantB mature when the first fruit
ripened, and he divided the maturation period into five components:
a.) from seeding date to first anthesis of a flower on the first in
florescence,

b.) time for the flower in (a) to set,

c.) days from

first anthesis in (a) to first antheBis of a flower on the second
inflorescence,

d.) time for the earliest flower of the second inflo

rescence to set, and e.) days from set to ripe fruit.
Each component was first examined in terms of variation due to
fixed heritability, unfixed heritability, environment, and interaction
of factors within a component explained by linkage.
were then studied by use of regression techniques.

The components
Finally, the com

ponents were compared and were examined individually by observing the
segregation of earliness in relation to a list of genetic markers.
In partitioning of variance, it was shown that four of the five
residuals were significant and could not be weighed lightly.

Trans

formation of original data to logarithms had no effect on lessening the
residuals.

However, by using varieties which demonstrated a wide range

of earliness, gene action was readily determined.

It was shown that a

consistent, but partial, expression of potence of earliness exists in
all components.
Use of marker genes suggested that there were genes on two or three
major areas on chromosome 2 controlling maturation and that there were
also other less influential areas throughout the genome.
Honma, Wittwer, and Phatak (65) presented a study involving the
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relationship of early fruiting to the morphological position and the time
of appearance of the first inflorescence in a cross with Michigan State
Forcing and Pennorange.

A very high correlation coefficient (0.94) was

obtained between number of nodes subtending the first inflorescence and
number of days from seeding date to first anthesis in the F2 progeny.
The estimate of genetic differences was based on the ratio obtained by
apportionment of the F2 data where separation was suggested by bimodal
distribution.

Observed frequencies were compared with theoretical

ratios using the chi-square method.

Since evidence of relationships be

tween these two characters and the jointless pedicel (jl) character was
shown, linkage intensities were calculated by use of linmer and Henderson’s
(72) product method from the Fg data, and by use of backcross data.
Results of these data suggested a one factor pair difference for each of
the characters, and linkage was so close it appeared that the same gene
controlled both characters.

It was also suggested that this factor is

in the same linkage group as the jointless pedicel mutant.
Pollock and Larson (150) found a ten day difference in maturity
when F2 plants grown from large seeds were compared to those grown from
small seeds.
Peirce and Currence (148) undertook a study to attempt to predict
and evaluate selection results in terms of heritability of tomato yield,
earliness, and fruit size.

Heritability of a quantitative character was

considered to determine the effectiveness of selection for that character
in early generations.

Earliness was recorded as the number of degree days

from date of transplanting to first ripe fruit where 59° F. was chosen as
the base temperature in converting dates to cumulative degree days.

The
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number of degree day units corresponding to a given ripening date was
computed by subtracting 59° F.from the mean temperature for each day
and adding the remaining values obtained.
The estimate of additive genetic variance in earliness data
suggested a rather low efficiency in selecting single plants.
substantiated in a progeny t-'st.

This was

It appeared that available genetic

variability was difficult to recognize and that sources of variation
other than genetic were important in determining date of maturity.
Khalf-Allah and Peirce (81) in a more recent study compared selec
tion methods for improving earliness in the tomato.

It was shown that

selection for earliness of flowering based on measurement and testing
increased the reliability of selection for that character as compared
to visual selection alone.

Within methods of selection where actual

measurement and testing were practiced, progeny testing proved more
reliable than single plant selection.

Earliness genes of single plants

are, undoubtedly, subject to considerable environmental influence.
Since selection through the
flowering, an

generation was made on the basis of early

F^ progeny test for early yield in pounds of early fruit

produced per plot should reflect the extent of correlation between early
flowering and early yield.

These progeny tests showed early yield was

not improved by selecting for early flowering, which suggested that
early flowering and early yield are not highly correlated.
Khalf-Allah and Peirce (82) also investigated the effectiveness of
three sib-mating systems in extending genetic variability over several
generations to improve the performance for fruit size, earliness, and
total yield in tomatoes.

However, results showed that sib-mating did
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not substantially increase the chance of selecting improved quantitative
characters.

The character for earliness was not improved by sib-matings.

This lack of response of earliness may have been due to the interaction
of genotype and environment since Peirce and Currence (148) have shown
early genotypes to be especially sensitive to changing climatic factors.
Griffing (48) analyzed tomato yield by partitioning it into component
parts.

Yield was first broken down into the variables, number and weight

of fruits.

Number of fruits was further partitioned into number of

clusters and number of fruits per cluster.

Environmental correlations

of -.784 between number of clusters and number of fruits per cluster and
of -.056 between number of fruits and fruit weight suggested that most
of the variation among fruits harvested from one plant was due to compe
tition between fruits within a cluster.

The genotypic correlation

coefficient between number of clusters and number of fruits per cluster
of .943

positive and of considerable magnitude.

This correlation

indicated that these two variables represented different manifestations
of essentially the same set of genes.

These genes evidently controlled

the growth force responsible for the number of reproductive parts.

In

other words, the same genes controlling the number of clusters on a plant
also control the number of fruits per cluster, and, therefore, are respons
ible for the total number of reproductive parts on an individual plant.

A

large negative genotypic correlation between fruit number and fruit size
was interpreted to mean that there exists a genotypic limit to the capacity
for total fruit production and the two divergent growth forces contributing
to the increase of total yield - the force increasing the number of fruits
and the force increasing the size of fruits - are genotypically controlled.
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The genotypic yield limit of a plant necessitates

competition between

the two growth forces resulting in the negative correlation coefficient.
The size of the coefficient Indicates that the two growth processes are
controlled by essentially the same set of genes.

Thus, it was suggested

that the primary function of the entire gene complex is to control the
balance between the genotypic competitive abilities of these two growth
forces, and that the correlated responses in the various variables con
sidered are, for the most part, pleiotropic manifestations of this one
gene complex.
One of the most discussed linkages with early yield in the tomato
is small fruit size.

Crane and Lawrence (26) cited work of Hackbarth,

et al which shows this genetic association.

Currence (30) mentioned

this fact in discussing the advantages of F^ hybrids.

In an earlier

paper (29)» he reported determinate growth to be linked with leaf type.
In addition, early production was noted to tend to remain with determ
inate growth in hybrid combination.

Later he reported that the Danish

Export variety, which was homozygous for the alleles D,F,0,S,was earlier
than plants that were homozygous for the alleles d,p,o,s.
According to Boswell (8), MacArthur has added evidence of a possible
linkage of genes for earliness and fruit size with certain qualitative
factors.

He showed that Jt, a recessive gene for yellow-green foliage,

retards maturity about two weeks and reduces fruit size by thirty per
cent.

MacArthur acknowledged that actual linkage was not demonstrated

and it was logical to suppose that the

Ji gene would

have a marked direct

effect on plant and fruit development.
Fogle and Currence (45) stated that the short duration for the stage
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from flowering to fruit set was associated with yellow skin color from
the Tiny Tim variety.

They also showed that significant decreases in

the time from fruit setting to fruit ripening were associated with
standard plant type on chromosome 1 from Pennorange and with dark green
base from Tiny Tim on chromosome 7»
Young and MacArthur (223) suspected linkage of prostrate stems and
sparse foliage with early and large sized fruits.
There have been a number of attempts to explain heterosis on a
genetic basis.

Keeble and Pellow (80) attributed it to the "meeting in

the zygote of dominant growth factors of more than one allelomorphic
pair".

Jones (77) modified this theory to include linkage and his theory

is still widely accepted as a sound explanation of heterosis.

Shull (177)

proposed the word, heterosis, to avoid the Implication that hybrid vigor
was entirely Mendelian in nature and to avoid use of lengthy phrases to
describe it.

Shull (177) is generally given credit for the concept of

heterosis from his experiments on corn in 1907.

The objectives of pre

vious works by Koelreuter, Burbank, Knight and others (177) were not to
obtain heterosis but rather to avoid inbreeding.
Some of the earlier investigations dealing with heterosis in the
tomato were those conducted by Wellington (198), Reeves (162), and Hayes
and Jones (54).

Wellington’s work from 1907 through 1910 demonstrated

that consistent gains in yield of the

generation could be expected.

Yields of F2 and F3 generations declined in a direct ratio with the
decrease in the number of heterozygous plants within a given generation.
Reeves’ endeavors were to incorporate frost resistance into the tomato
from Solanum balbisii. Although some crosses developed fruit, most of
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them ripened immaturely without producing seeds.
ment was not obtained to a satisfactory degree.
found

Normal fruit develop
Hayes and Jones (54)

tomatoes to be generally earlier than the earliest parent in

flowering and in fruit setting.
Hood (66) reported studies on inheritance in the tomato in 1915*
He claimed that the length of time required to ripen
waB longer than for either parent.

tomato fruits

He contended that individual varia

tion caused by environment, training, and heredity must be studied from
crosses of dwarf X tall parents.
Lindstrom (103) reported on qualitative characters in tomatoes.
He found stature and skin structure to be completely linked.
Ashby (5) reported that corn hybrids do not differ from their
more vigorous parent in growth rate, assimilation or photosynthetic
efficiency of the leaves.

Larger embryos in F^ hybrid seed were post

ulated as being responsible for giving hybrid plants an initial advantage
which continued throughout the life cycle.
Babcock (7) cited work of Selavnov and Alpet which showed that in
thirty five tomato crosses all of the F^ plants were earlier than either
parent.
Burgess (11) presented results of studies utilizing twenty six
crosses of tomatoes.

As expressed in total early yield, F^ material was

earlier than one and usually earlier than both parents.

Interest in his

report was based on the fact that different parents with comparable
maturity responded differently in hybrid combinations.

Delicious, which

is comparable to Marglobe in maturity, produced hybrids considerably
earlier in maturity than Marglobe hybrids.

Cortland and Canadian
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varieties, when In hybrid combination, did not express heterosis at all.
Hanchey (53) and Chappell (20) showed that earliness was one of the
advantages of hybrids in Louisiana.

Chappell expressed the opinion

that costs of producing hybrid seed may offset the increased yield obtained
by their use.
Lyon (112), Meyer and Peacock (121), Powers (152), and Powers and
lyon (156) published reports showing earllness to be increased in
hybrids.

Powers (152) stated that from the standpoint of physiological

genetics, heterosis and dominance are probably fundamentally the same.
When the variation of the duration of the period from seeding to ripe
fruit was partitioned by Powers and lyon (15$), it was shown that the
hybrids had the shortest period for each of the three stageB parti
tioned.

Heterosis was found to be dependent upon both genotype and

environment.

Wellington (199) also found that F^ hybrids were usually

earlier than the earliest parent.
Larson and Marchant (92) found differences in the reaction of F^
tomato hybrids on different soil types.

Best early yields were obtained

on the lightest soil in the test and the early yields of F^ hybrids
exceeded those of the parents.
Larson and Currence (91) found that earliness in the F^ was inter
mediately inherited with a tendency for earliness to approach that of
the early-yielding parent.

The average increase in early yield of the

F-j_ over the parental average was 47 percent.

They could obtain no

important relationship between earliness and total yield.

However, a

definite negative association existed between early yield and fruit size.
Currence, Larson, and Virta (33) compared six tomato varieties for
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combining ability in

combinations.

Progenies of Earliana excelled

in yield, while Marglobe appeared to be the poorest parent for general
combining ability.

Location was shown to influence parental performance

since Rutgers exhibited the best general combining ability in Rhode
Island, and the poorest in Minnesota.

Conversely, Earliana showed the

best general combining ability in Minnesota and the poorest in Rhode
Island.
Moore and Currence (125) compared 27 varieties for combining ability
in three-way crosses and they selected eight parents showing a wide
range of combining ability to cross in all possible combinations.
found significant differences between reciprocals of some
regard to earliness, total yield, and fruit size.

Thqy

hybrids in

Danmark produced the

highest early yield as a variety, and was also highest in combining
ability for that trait.

Other varieties that showed earliness were also

among the best combiners for that character.
Locke (108) found that F^ hybrids, with the Porter variety as a
parent, produced increased yields over other hybrids under the unfavor
able conditions of high temperature, deficient moisture, low relative
humidity, and hot winds in the Southern Great Plains area.
Reciprocal crosses have been shown by Cram (2?) to eadiibit differ
ences for which no genetic factorial basis appears to apply.

He suggested

these differences might be the result of some maternal or cytoplasmic
influence.
Richardson and Currence (163) investigated the genetic effects of
reduced fertilization in tomato flowers.

When flowers were emasculated

and control pollinated, the resulting seeds weighed more than those from
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naturally pollinated flowers.

Alsof more seeds were produced in the

blossom end than In the stem end of tomato fruits. In F2 populations,
early yields were slightly but significantly greater on plants grown
from seeds from stem halves of naturally set fruit than from comparable
blossom halves.

The authors suggested that the pollen tubes covering

the greater distance to the stem halves of the ovaries were genetically
superior for early yield.
Quantitative Inheritance of seed else in a cross between L. esculentum and L. pimpinellifolium was established by Snyder and Larson (166).
Certain factors for seed size may be located on chromosomes 3 , 5, and 7,
and the effects of these factors were additive In nature with apparent
absence of heterosis.

Heterosis was expressed in early yield of the

hybrids, but not in total yield.

It was suggested that seed size may

be associated with factors controlling earliness, and the practical use
of this association was considered.
Burdick (12) commented that in cultivated tomatoes, early flowering
is generally associated with higher yield of ripe fruit, and that the
hybrids of tomatoes are usually earlier than the earliest parent in
flowering and in fruit set.

The genetic causes of heterosis for earli

ness in tomatoes may, conceivably, be ascribed to overdominance, nicking
action of genes with no more than complete dominance, or to epistasis.
At any rate, he maintained that thisMrtteroSis is not eVidehb until the
first fruit ripens since the time of flowering in most hybrids is
approximately intermediate between the flowering dates of the two parents.
Notable exceptions were found where two hybrids appeared to be the same.
However, their patterns of intermediate development might be quite
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different, since the maturity genes of both parents in some hybrids
appeared to be expressing themselves at different stages.

This would

support the view that dominance is a relative phenomenon depending on
the stage of development and the environmental circumstances under
which it is measured, and that the excellence of hybrids may be attrib
uted to the co-expression of the alleles from both parents made possible
by the existence of dominance along with auto-genetic and environmental
gradients.

From a constant parent regression analysis it appeared that

dominance was the principal cause of earliness heterosis in tomato
hybrids.
Quinones (157) investigated the effect of diverse origin of parents
on heterosis in tomatoes.

His work involved use of parents from three

species of Lrcopersicon: L. esculenturn. L.peruvianum. and L. pimpinellifolium.

From the results obtained it was concluded that, in general,

origin of parents does not affect heterosis significantly.
Determinations of combining ability of six tomato lines were made
over a three year period by Homer and Lana (68).

A simple genetic model

of two alleles per locus with no dominance or epistasis did not provide
an adequate explanation for the inheritance of early and total yield.
Genotype X year interactions may be due to a uniform scale change from
one year to another.
Lambeth (89) has shown a significant degree of heterosis for early
and total yield of marketable fruits in first generation hybrids involv
ing Tuckers Forcing as a parent.
Honma and Currence (63) compared combining ability of backcrosses
and F^ progenies when used as parents.

It was demonstrated that as

backcrossing advanced, genes from the non-recurrent parent were elimi
nated and by this loss the interaction of genes that gave favorable
combining ability, shown by the first cross, was eliminated.

Therefore,

combining ability for early yield for the fourth backcross was below
that of either parent.

Their objective was to incorporate three re

cessive marker traits into Firesteel to insure distinguishing crosses
from selfs when this variety was used as a parent in the commercial
production of F^ hybrids.

Third generation selfs of the original cross

gave general combining ability equal to Firesteel means when crossed
with tester plants and may provide the desired objective.

These F3

plants had been selected for the recessive characters to be used as
indicators.
In order to utilize the increased early yields, vigor, and total
yields so often demonstrated in F^ hybrid tomatoes, it has become
necessary to develop methods to facilitate the production of hybrid
seed of this crop.

Chappell (20) has pointed out that the expense of

hand pollination is likely to be the limiting factor in production of
F^ seed in Louisiana.
Cross pollination by foreign pollen in the tomato has been reported
to be low, however, it is considered high enough to cause serious con
tamination in seed production (32,99*2).

Factors affecting natural

cross pollination have been found to be plant spacing, wind currents,
presence or absence of certain insects, and the comparative efficiency
of tomato varieties to produce viable pollen as well as functional
ovaries (164,166,167,187).
The possibility of use of male sterile mutants in combination with
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recessively-inherited seedling characters, such as the potato leaf and
green stem traits, has been proposed for the production of
(2 ,31,50,62,90,94»100,140,165)*

hybrids

Types of male sterility studied have

included semi-sterility, functional sterility, and complete sterility.
Male sterile mutants have been induced by use of sodium a,b-dichloroisobutyrate, x-rays, thermal neutrons, and p32» a radioactive isotype (100,
121,224).

In addition, naturally occurring male sterial mutants have

been selected by various workers (31,51).
Hafen and Stevenson (49) indicated that seed produced in natural
cross pollination tests was low when male-sterile plants were used.
Ctoa, Riner, and Scott (143) reported a low return per hour of
emasculation and pollination by hand.

They maintained that the female

parent should be selected for high seed production per fruit in order
that nrn-HnrnTn returns per cross could be obtained.
Bullard and Stevenson (10) and Hafen and Stevenson (50) showed
that hand pollination in conjunction with the use of male sterile
female parents was the most economical way to produce F-^ hybrid seed.
Wolf and Stair (219) studied the effect of plant training and
number of pollinations per cluster on the production of F^ hybrid
tomato seed in the greenhouse.

They found a 60 percent increase in

production of seed on double stem as compared to single stem plants.
Larson (90) reported a male-sterile Earliana line to have better
combining ability for total marketable yield than normal Earliana when
both were used in F^ hybrid combinations.
Matsuura and Currence (119) irradiated seeds of Fireball with
thermoneutrons.

A male-sterile line segregating approximately three
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normal plants to one male-sterile

was observed in the second generation.

An early strain was observed in the

generation.

days earlier than plants from untreated seeds.

This strain was four

The gain in Earliana

occurred primarily in the period from anthesis to fruit ripening.
Mertens and Burdick (120) found two tomato lines among x-ray induced
mutations which were earlier than the control lines.
Earllness in the tomato, being a quantitative character, is quite
often altered in its expression by factors other than genotypes.

There

fore, studies have been conducted to determine the extent that this
character can be changed by methods other than genetic.
Murneek (130,131,132) in 1925 and 1926 reported on the physiology
of reproduction in horticultural plants.

He emphasized the metabolic

efficiency of the tomato plant in conjunction with reproduction, or the
correlation between fruit and vegetative development.
was highest in normal fruiting plants.

This efficiency

The greatest quantities of soil

nutrients were absorbed and the largest amounts of organic substances
were synthesized by plants in which fertilization was permitted, but in
which fruit were not allowed to develop.

Stimulation due to sexual re

production seemed to extend beyond the reproductive organs.

Under low

nitrogen levels, a single Bmall fruit was sufficient to halt growth.
When this fruit was removed, the plant began to grow again.

Under high

nitrogen levels, the same was true; however, several large fruits were
necessary to halt plant growth.

This regulatory effect of fruit on veg

etative growth seems to be determined by two major factors:

1.) the

number of fruit on the plant and their proximity to the growing points,
and 2 .) the relative amount of the available nitrogenous food supply.
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Under conditions of a short daily exposure to light or a continuous
exposure to low light intensities together with a relatively high
temperature, a shortage in carbohydrates may also operate as the
immediate limiting factor.
Murneek (135) subdivided sexual reproduction of higher plants
into certain phases.

Those phases were:

1.) initiation or "ripe

ness" of the sporophyte for reproduction,
(synapsis) and spore formation,
male gametophyte,

2.) chromosome conjugation

3 .) pollination and growth of the

4«) fertilization or union of gametes, and 5.) de

velopment of the embryo and its effect on mother sporophytes.
Murneek and Wittwer (138) further discussed the correlation of
sexual reproduction with vegetative growth.

They suggest that the

retardation of growth in the presence of developing fruits and seeds
is not entirely due to starvation of various plant parts because of
diversion of food to fruit and seeds.

This growth retardation may

quite possibly be due to an inhibitor, or inhibitors, released by the
embryos and their associated tissues.

This might explain the usual re

covery of vegetative growth, without a change in external environment,
after the fruit and seeds have matured.

The reproductive capacity of a

continuously developing plant is not determined solely by the genetic
constitution and the environment.

It may be controlled to a large

extent by the preceding reproductive activity.
Leopold and Lam (98) described a leaf inhibition effect on earliness
of the tomato.

According to their report, the number of fruit per first

cluster was increased with the removal of young expanding leaves up to
and including those above the fourth node.

Date of first blooms was also
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earlier with the removal of young leaves.

Removal of mature leaves had

an inhibitory effect on date of first bloom and the most effective
treatment involved removal of mature leaves below node number six.

They

quoted deZeeuw as interpreting this inhibition caused by young leaves
to be a general antagonism between reproductive and vegetative develop
ment.

Fisher and Loomis (44) made a similar interpretation from their

work with soybeans.
Lachman (67) has shown that early determinate tomato varieties are
susceptible to an acute type of defoliation.
load of fruit are most susceptible.

Plants bearing a heavy

Conversely, those without fruit

are least subject to this malady, as shown by blossom removal studies.
Murneek (133) discussed methods of altering the carbohydratenitrogen ratio.
nitrogen supply.

This ratio could be easily altered by adjustment in the
Increasing or decreasing fertility of the soil and

alteration of the moisture supply will also cause changes in the ratio.
It appeared much more difficult to regulate carbohydrate accumulation
in a plant.

In this respect, leaf pruning was shown to be effective in

altering the carbohydrate-nitrogen relationship.

Results also indicated

that a certain ratio between these two groups of substances may be
roughly correlated with the reproductive activities of the plant.
Jones and Rosa (76) pointed out that since pruning limits the vege
tative growth of the plant, carbohydrate content is increased, which is
undoubtedly associated with the production of flowers and setting of
fruits.
Hemphill and Murneek (59) observed a relationship between different
shoots arising from axillary buds immediately below each flower cluster.
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Investigations showed that, if allowed to grow, these axillary shoots
were associated with increased numbers and total weights of fruits on
the corresponding clusters.
Romshe (170) presented results which indicated that conditions
favoring large stem diameter favor,also, flower and fruit development.
According to Edmond (36), the inconsistencies in results of
pruning and staking studies among workers are not surprising when dif
ferences in varieties, cultural practices, climatic conditions and other
factors are considered.

He reported pruning and topping of plants

increased the number of blossoms and fruits per cluster.
fruit set and the size of fruits were also increased.

The percent

Since pruning

and topping reduced vegetative growth markedly, the reproductive phase
of growth was considered to be stimulated accordingly.
Hood (67) reported increased yields with Earliana and June Pink
varieties which were not pruned.

However, some gain in earliness was

obtained by pruning and staking of the plants.
Halsey and Jamison (52) found total yield to be increased when
tomato plants were pruned and staked.

However, there was no difference

in marketable yields between unstaked, unpruned and staked, or pruned
plants.

This lack of difference in marketable yields was due to increased

amount of growth cracking which occurred on fruits from staked and pruned
plants.
Schneek (171) obtained greater number of fruit early in the season
from unpruned plants than pruned plants.

At the end of the fourth week

of harvest the pruned plants had produced the greatest number of fruits.
Magruder (1U+) presented data showing early production was increased by
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pruning.

Total yield, however, was decreased in proportion to severity

of pruning*
Various practices with the objective of hardening of young seedling
plants prior to transplanting have become more or less adopted in certain
areas.

Two of these, topping and leaf pruning, involve the removal of

a portion of the foliage of the plant.
Knott (83) studied the effects of apical pruning of tomato seedlii
on growth and early yield.

Apical pruning caused more laterals to form

with more flowers produced by a certain date.

Where apical pruning, as

well as leaf pruning, was accomplished, early yields were reduced.
Early yield and total yield appeared to be negatively correlated, and
early production retarded vegetative plant growth.

Westover (203,204)

reported similar results from topping of seedling plants.

Sayre (173)

found the main advantage of topping seedling plants to be the better
condition of the plant Itself.

If transplanting was unduly delayed,

topped plants produced larger early yields.
Van Groon (194) found early defoliation of tomato plants aided in
faster recovery of the plant when transplanted.

In greenhouse tests,

root regeneration was more rapid and more extensive on plants that were
unpruned.

Kraus (85) did not obtain any significant differences In

survival between pruned and unpruned plants.
Porter (151) studied the effects of hardening tomato plants on
subsequent yield and earliness.

Tender plants showed an increase in

production for the first four weeks of harvest.
Loomis (109) found hardened plants became established sooner and
grew off better than tender plants.

Apparently, a correlation between
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carbohydrate reserve and new root formation caused this response.
Time of planting tomatoes, obviously, varies with locations.

How

ever, studies conducted in Louisiana by Martin (117) and in Novia Scotia
by Chipman (22) indicated that the optimum duration from seeding to trans
planting was approximately the same for these two widely separated areas.
Martin concluded that the best time to sow seeds was from eight to ten
weeks before transplanting.

Chipman found seven to nine weeks for the

same period was best for maximum production in his area.

First ripe

fruits were obtained from plants seeded eight to nine weeks before
transplanting.

Casseres (18) reported results similar to those of

Martin and Chipman.
Nicklow and Minges (141) ran a series of tests concerning time from
seeding to transplanting.

Their results show that the age of the trans

plant greatly affects the time required for fruit ripening.

Plants ten

weeks old set fruits before seven weeks old plants, but did not make the
vegetative growth that younger plants made.

Consequently, after pro

ducing an early, light harvest, the older plants became vegetative, and
set another crop of fruits late in the season.
immature at frost time.

This latter crop was

In other studies involving much younger trans

plants which were exposed to different temperature regimes, three and
five week old transplants produced significant yield increases over
plants seven and nine weeks old at transplanting time.

The older plants

produced earlier fruits when exposed to the lower temperature regime,
which was 50° F. night and 60° F. day temperatures.
Wider spacings of seedlings in flats or beds prior to transplanting
have proved to be conducive to earlier production (18,141).

29
Studies to determine the most suitable spacing in the field have,
in general, shown closer spacings to increase both early and total
yield.

Larger yields were shown to be primarily a function of greater

plant numbers.

The number of fruits per plant and the weight per fruit

were lower under the closer spacings (144*164*174*188,195*196).
Temperature in relation to tomato production has been shown to be
exceedingly important.
Calvert (15) and Lewis (101) have shown that low temperature ex
posure of seedlings immediately following cotyledon expansion caused
those plants to produce fewer leaves below the first cluster and to
initiate a greater number of flowers in the first cluster.
Wittwer (211),and Wittwer and Teubner (21?) defined the two week
interval immediately following cotyledon expansion in the tomato seed
ling as the temperature-sensitive period when flower formation of the
first inflorescence occurs.

Low temperature exposure (50°-55° F.) of

seedlings during this interval promotes formation of greater numbers
of flowers on the first cluster, when compared to exposure at 65°-70°F.
This low temperature exposure also causes a reduction in the number of
leaves preceding the first cluster.

Greenhouse and outdoor varieties,

both early and late, determinate and indeterminate, respond similarly.
Varieties adapted to the West Coast proved a possible exception.
In addition to increasing the number of early flowers, "chilling'’
promotes blockier, sturdier, thicker stemmed plants that recover rapidly
after transplanting.

Early yields, as a result of the increased number

of early flowers, were increased by the "chilling treatment.
In work reported earlier, Nicklow and Minges (141) were also able
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to demonstrate a marked effect of low temperature on flower formation.
After nine weeks, seedlings exposed to 50° F. night and 60° F. day
temperatures had open flowers on 75 percent of the plants, whereas
seedlings exposed to 60° F. and 70° F. temperatures for day and night,
respectively, had open flowers on 25 percent of the plants.
Smith and Millet (183) used seed germination temperatures of 59°F.
and 68° F. and a sprouting temperature of 50° F. to study varietal
reactions.

At 50° F. the average number of days for seeds to sprout

ranged from 18.1 for Red Current to 46.3 days for Victor.

However, no

relationship was found between the ability to sprout at 50° F. and
relative maturity of that variety.
According to Went (200), 59° F. night and 79* F. day temperatures
are ideal for growth and fruiting of the tomato.

The cool period for

optimal development was only effective in darkness, so that plants sub
jected to the proper temperature sequence In continuous light did not
set fruit.

He further states that no tomato fruit set is possible at

night temperatures above 71*5° F. and below 51° F.
Curme (28) claims normal fruit set in tomatoes may occur at night
air temperatures as low as 45° F.

Breeding and selection for high

levels of fruit set at low night temperatures indicated the feasability
of a program designed to enhance this character.
Daubeny (34) presented similar results in that several varieties
which he tested flowered and set fruit at night temperatures lower than
those reported by Went as limiting to fruit set.

However, certain older

varieties, such as Earliana and John Baer, flowered but did not set
fruit.

Rutgers did not flower at the low night temperatures.
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Johnson and Hall (75) studied parthenocarpy in the tomato as related
to temperature.

Certain selections showed higher degrees of tolerance

to high temperature than did others.

Variety 1388 produced parthenocarpic

fruits only at temperatures above 95° F..

Their work points out that,

depending on the variety used, fruit set may also be obtained at day
temperatures well above the optimum of 78.8° F. described by Went.
Smith (181) discussed blossom drop as being greatly influenced by
hot, dry winds and intense heat.
anthesis.

Styles elongate abnormally, even before

At anthesis the embryo sac had reached the functioning mega-

spore stage.

The embryo sac of aborting pistils never developed beyond

the functioning megaspore cell, or one-nucleate stage.
In later studies, Smith and Cochran (182) found temperature to have
a marked effect on germination of pollen, as well as on the rate of
pollen-tube growth.

Best germination was obtained at 85° F..

tion at 50° F. and at 100° F. was exceedingly poor.

Germina

Pollen-tube growth

of the tomato was exceedingly slow even at 85° F., which was the optimum
temperature.
Moore and Thomas (129) cited results indicating high light intensity
in association with high temperature to be harmful to fruit setting in
the tomato.

They were able to increase early yield by shading, which

served the purpose of reducing light intensity.

Temperature remained

essentially the same, therefore, it was considered that a combination of
high temperature and high light intensity are necessary to cause unfruit
fulness.
In addition to cool temperature, nutritional factors have been
shown by Kraybill to cause blossom drop in the tomato (86).

He cited
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the work of Kraus and Kraybill as showing that neither the highest
carbohydrate level nor the highest nitrogen level is best for tomato
fruiting.

A condition of balance between the two is best.

The study

on which he reported in 1925 showed that the number of blossoms per
cluster, number of fruits which developed and grew per cluster, the
number of fruits which remained undeveloped per cluster and the number
of blossoms which dropped could be Influenced by modifying the amounts
of available mineral nutrients in relation to other external factors.
Radspinner (158) reported on the effects of certain physiological
factors on blossom drop and yield of tomatoes.

Additions of nitrogen

and phosphorous, where potassium was deficient, were conducive to
blossom drop.

Total fruit weight, size of fruit, and number of fruit

were proportional to the amount of water used.

However, potassium

plots receiving ample, but not excessive, amounts of water produced
best.

His conclusion was that tomato blossom drop was due to physio

logical rather than genetic or pollination causes.
Lambeth (88) conducted experiments to determine what constitutes
a balanced nutrient supply of nitrogen, phosphorous, and potassium for
the tomato plant, and to what extent the time of anthesis can be influ
enced by the balance of supply of these elements.

Although anthesis

occurred later at high nitrogen levels, it was not caused by excessive
vegetative growth.

It was shown that treatments favoring the most growth

were also conducive to early flowering.

High N/P ratios delayed anthesis,

while high P/N ratios hastened flowering.
N to P for early anthesis were 1:1 and 1:2.
key to hastening anthesis.

The most favorable ratios of
Favorable balance was the
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The feasability of starter solutions for use when transplanting
tomatoes has been investigated rather thoroughly.
Babb (6) studied the residual effect of nutrient solutions on
young tomato plants.

The use of nitrogen or a complete nutrient solu

tion on seedlings reduced subsequent production of early yields.
However, there was no difference between treatments in their effects on
total yields.
Sayre (172) showed the application of a readily available fertilizer
in solution at the time of transplanting or seeding proved very effective
in stimulating earlier growth and increased yields.

Vitamin B complexes

used in conjunction with the mineral elements proved to be of no value.
Rahn (159) found phosphorous to be the element most likely neces
sary in starter solutions for tomatoes.

He found these solutions to be

very effective in materially increasing early yields of both cabbage and
tomatoes.
Jones and Warren (79) also showed that starter solutions were capable
of significantly increasing yields.

Pronounced differences were obtained

in yield due to fertilizer placements.

Deep placement of phosphatic

fertilizers by banding under the transplants was better than shallow
placement.

Differences due to fertilizer placement were not so pronounc

ed where starter solution was used.
Application of nutrients during the time interval from seeding to
transplanting has been shown to influence future development of both veg
etative and reproductive parts of the tomato plant.
Locascio and Warren (106) investigated the growth pattern of roots
of tomato seedlings.

The initial pattern^of tomato root growth was Of
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the taproot type.

By the time cotyledons emerged taproot penetration

was about an Inch deep.

After this penetration, lateral root growth was

about as rapid as vertical growth.

Plant growth was related to the time

needed for the roots to reach the phosphorous applied to the soil.
Locascio, Warren and Wilcox (107) also studied the effect of applications
of phosphorous as a seed treatment.

Near maximum yields were obtained

from this treatment when compared to other methods of fertilization used.
Ells (37) obtained a five day advance in tomato seedling emergence
by treating the seed with K3 PO/^ and KNO-j and germinating them at a 50° F.
night temperature.
Wilcox and Langston (205) found direct seeded plants to respond most
to phosphorous, while transplanted seedlings responded first to nitrogen,
then to phosphorous.

The over-all effect of potasBium was to suppress

the growth of direct-seeded plants, and had no effect on transplanted
material.
Brasher (9) found that plants receiving all major fertilizer salts
before transplanting produced significantly higher early and total yields
than those plants which were hardened by withholding nitrogen or by in
creasing the osmotic concentration of the nutrient solution with
applications of potassium sulphate.
Plants treated with sucrose foliage sprays by Smith and Zink (184)
showed lower mortality and shock when transplanted than did untreated
plants.
Iverson and Johnson (74) pointed out that applications of skim milk
to tomato seedlings promoted larger, more fibrous root systems, larger
stems, taller plants with more leaf area, and increased early and total
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production.
Honma (62), in studying the effects of growing media on tomato
transplants, found soil to be superior to sand for producing plants
for Increased early yield*
Tiessen and Carolus (192) showed that, during early growth, tomato
root development benefited more from phosphorous and nitrogen than from
potassium.

However, potassium was equally as important as the other

two elements for tobacco.

Extremely high concentrations of starter

solutions caused injury to the mechanism for regeneration of roots.
Thomas, Mack, and Cotton (191) used different levels of nitrogen,
phosphorous, and potash in a factorial experiment with low, medium, and
high rates of irrigation.

Maximum yields were obtained from the highest

level of all three elements, which was 2000 pounds per acre of 4-16-4,
in combination with the medium rate of irrigation.
App and Wolf (3) stated that soil pH and organic matter are probably
next to soil moisture as limiting factors for crop yields under intensive
systems of cultivation.

Under the conditions of their test, pH and

organic matter varied together from low to high and were positively
correlated with higher yields.
Enmert (38) found reactions within a pH range of 4 to 8.5 did not
seem to influence directly the yield of the tomato, potato, and lettuce,
but did determine the nutrient relationship and the toxicity of soil
elements which control growth of these vegetables.
Enmert (39) investigated the effects of split applications of nitrogen
and phosphorous on tomato yields.

Split applications of phosphorous at

the time of transplanting and before fruiting gave the most satisfactory
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results.

Nitrogen influence was not as definite as that of phosphorous.

Applications of nitrogen at the time of fruit set caused decreases in
yield.

Qnnert (42) obtained highly significant yield increases from

the use of boron, dextrose and beta naphthoxyacetic acid with recom
mended fertilizers.
HayBlip and Ozaki (56) found that liming increased tomato yields

on acid 3andy soils.

Addams and Nightingale (1) showed calcium to be

apparently necessary for the absorption of nitrogen by tomato plants.
Hepler (6l) showed additions of phosphorous Increased both early
and total tomato yields.

The increased number of fruits set was de

pendent upon the increased number of flower clusters which were due to
the larger plant size.
The field response of tomatoes to large applications of phosphate
was studied by Ingram, Stair, and Hartman (71).

It was shown that

tomato plants responded to much higher applications than were usually
applied conmercially.
Wittwer, Teubner and McCall (218), and Silberstein and Wittwer (178)
found foliar sprays of phosphorous to be more effective in promoting
early yield than phosphorous applications to the soil.

Lingle (104)

found little difference between highly water-soluble forms of phos
phorous.

Howevor, phosphorous fertilization significantly increased

early yield.
Lingle and Davis (105), and Wilcox, Martin and Langston (207)
found soil temperature to positively influence phosphorous uptake by
tomato roots and the subsequent growth of the plants.
Montelaro, Hall and Jamison (123) studied the effect of the use
of urea on tomato production.

They found urea sprays did not
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significantly increase or decrease earliness of maturity in the tomato.
In early stages of growth, tomato plants were found to respond to
nitrogen foliar sprays more slowly than to nitrogen applied to the soil
at planting time.

Ozaki and Carew attempted to apply urea with pesti-

cidal sprays to nitrogen-starved plants.
with pesticides seemed feasable.

Application by "free ride"

However, additions of sucrose were

necessary to prevent urea injury to tomato plants.

Sucrose reduced the

amount of fresh plant weight produced. (146)
The effects of potassium on tomato growth and production as reported
by Wilcox (205) were longer internodes, larger stems, lighter green
young terminal leaves and reduced fruit dropping which resulted in
marked yield increases.
Garner and Allard (46) reported on general observations as well as
investigations concerning flowering and fruiting of plants as controlled
by the length of day.

These investigations gave such clear-cut results

that they have served as the stimulus for similar and more elaborate
studies on practically every crop of any commercial importance.

They

established the classifications of long and short day plants, and gave
examples of the different classes.

Data were presented to verify these

classifications.
Since these initial investigations, practically all cultivated
crops have been placed into a category of being either a short-day, long
day, or day-neutral plant.
Murneek (134) has used the tomato as a prime example of a day-neutral
plant.

In a later report he cited results which indicate that the in

fluence of length-of-day on stem elongation and on reproduction are
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distinctly separable.

The elongation of stems and the formation of

reproductive organs are separate and do not influence each other (137).
Hemphill and Murneek (60) had observed that yields of greenhouse
tomatoes during the winter were not as good as those produced under
similar conditions in the spring and early summer.

Therefore, they

conducted studies to determine how closely yields were correlated with
total solar radiation during the fruiting period.

Results of these

tests showed that in all cases, as light increased, fruit yield also
increased.

Yields and efficiency of utilization of available light

were lowest when the amount of light was smallest.
sprays was most efficient when light was limited.

The use of hormone
All experiments

showed the same association between yields and the amount of light.
This was especially true where early yields were concerned.
Roberts and Struckmeyer (168) concluded that photoperiod is only
one of several environmental factors which create an internal condition
necessary for flowering that is common to all economic plants.

They

further concluded that the time of floral induction depends upon the
response of any one variety to its environment.
Leopold and Lam (98) stated that the tomato was indifferent to
photoperiod, while Piringer (L+9) maintained it was day-neutral with
respect to flowering.
Johnson, Hall and Liverman (76) credited far-red radiation as being
the cause of unfavorable responses in the Marglobe variety grown in the
greenhouse during the winter and under natural summer conditions.

These

responses included abscission of first formed flowers and production of
unfertilized fruits.
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Burk (13) was one of the first investigators to suggest that the
tomato was possibly not day-neutral.

A study showed that the pistil

length of the Bonny Best variety varied with changes In the photo
period and with light intensity.

At an eight hour photoperiod pistils

were much longer than the stamen.

At sixteen hour photoperiods, the

pistil did not extend beyond the stamen.

Pistils of the Princess of

Wales variety remained shorter than the stamen at both photoperiods.
Therefore, a varietal difference was shown.
Howlett (69) maintained that the relative length of the pistil
and stamens in flowers of the same variety is influenced by the environ
ment to a much greater extent than has been assumed.

Maximum pistil

length in relation to stamens was obtained when the plants were grown
during a period of relatively short daylight, under low light intensity,
and with an abundance of readily available nitrogen.

Changes either in

day length or light intensity resulted in corresponding changes in
pistil length.
Stoutmeyer and Close (189) found significant differences between
the degree of plant hardening obtained by varying the light quality to
which the plants were exposed.

Greenhouse grown plants, receiving the

full natural spectrum were better hardened than plants receiving only
blue, white, or combinations of these light qualities.
Went (201) obtained increased fruiting and growth by shading plants
from early afternoon until the following, morning.
Challenger and Glazebrook (19) recorded a slight increase in early
yield when they used supplementary light on seedlings in the greenhouse.
Wittwer (212) exposed tomato seedlings during the critical stage of
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flower development of the first inflorescence to an extended photo
period of low light intensity, and obtained an increased number of
leaves subtending the first inflorescence.
Wittwer (210) observed the same differences in yield of greenhouse
tomatoes grown at different seasons of the year as those reported by
Hemphill and Murneek (60).

He stated that the length of photoperiod,

as well as differences in light intensity, appeared to modify flower
ing in tomato seedlings grown in the greenhouse at different seasons
of the year.
Learner and Wittwer (96) studied the effects of photoperiodicity
and thermoperiodicity on vegetative growth, flowering, and fruiting
of the tomato.

The series of experiments conducted showed definite

benefits from lengthening the day from the natural nine to ten hours
to a 16 hour day-length which included six hours of low light intensity.
It was apparent that the greatest benefit of supplementary lighting
during the seedling stage was the increased yield during the early
harvest period.

Light and temperature combination studies showed

that plants exposed to an initial temperature of 80° F. and a photoperiod of 16 hours produced ripe fruit ten days earlier than those
exposed to 60° F. with the same photoperiod.

Apparently, in promoting

earliness and increasing total yields, a 16 hour photoperiod for seedling
growth proved to be of greatest benefit at high temperatures, and the
effects of long photoperiods were more pronounced than temperature.
Additional illumination also reduced the percentage of green placental
tissue in the fruit.
Wittwer (212) utilized low light intensity lamps to independently

u
index the photoperiod effect from increased photosynthetic activity.
The net result of exposing tomato plants to extended photoperiod beyond
that sufficient for carbon assimilation is more leaves subtending the
first inflorescence and a delay in the appearance of the first open
flowers.

It was significant that all cultivars responded by earlier

flowering when exposed to short days if the measurement for earliness
of flowering is by number of nodes subtending the first inflorescence.
With this as a criterion of flowering, the tomato should be classified
as a facultative short-day plant, or a plant that exhibits a quantita
tive flowering response to the length of the photoperiod.
Curme (28) stated that the expression of fruit set and other plant
characters of the tomato were influenced positively by increased levels
of incident light.
Wittwer and Bukovac (213) reviewed investigations concerning exogenic
plant growth substances which affect floral initiation and fruit set in
higher plants.

According to their paper, there is a complete switch

over at the apex from one morphogenetic pathway to another during flower
initiation.

Thus, chemical control of flowering in higher plants is

concerned mainly with induced modifications of meristems.
The fruit develops from the flower after pollination and fertili
zation.

Associated with fruit setting is a rapid surge of growth,

beginning with the fertilized ovules and extending, in some instances,
throughout the entire plant.

The origin of the stimulus is presumably:

from endogenus growth substances produced by the fertilized ovules.
Both flower formation and fruit setting are processes involving
cell division and cell enlargement.

It may be concluded, according to

these workers, that practically every chemical or group of chemicals

k2
having the capacity to stimulate, inhibit, or otherwise modify vegeta
tive growth, through cell division or cell enlargement, will likewise
accelerate, inhibit, or modify floral initiation and fruit set.
One of the disturbing mysteries of the chemical enhancement of
flowering and fruit setting in higher plants is the marked species
specificity.

It must be concluded that there are different biochemical

explanations associated with the transition from a vegetative to a re
productive status in various species.
Wittwer (209) has studied growth hormone production during sexual
reproduction of higher plants with special reference to synapsis and
syngamy.

He was able to show that two periodic stimulations in growth

are associated with sexual reproduction in higher plants.

These stim

ulations have their origins in the process of fertilization, with its
two cytogenetically important phases, union of chromosomes and union of
nuclei.

Crude extracts from immature c o m kernels were shown to

improve percentage fruit set, yield, and size of the tomato fruit.
The influence of environment upon flower formation and fruit set
has been discussed earlier.

However, certain studies have been con/

ducted to determine the usefulness of chemical applications for
overcoming the ill effects of some of these factors.
One such study was that of Howlett (70), in which he compared the
effectiveness of the use of indolebutyric acid (3BA) for increasing
fruit set when applied to naturally pollinated tomatoes.

The results

obtained from this study definitely indicated that the improvement in
set brought about by treatment depended upon the effectiveness of
pollination and fertilization.

In the early part of the season when
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low light intensity and short days were prevalent, the treatments of
IBA proved to be much more effective than later in the season when
sufficient light was obtained.

Indolebutyric acid in lanolin emul

sions were more effective than lanolin pastes in producing larger and
more rapidly developed fruits.
Withrow (208) used indolebutyric acid to promote earlier maturity
in tomatoes.

Some differences were shown in varietal reactions to

application of this chemical.
Murneek (136) found b-indolebutyric acid in an aerosol form to be
ineffective as a ’’hormone" spray on greenhouse tomatoes.
Murneek, Wittwer, and Hemphill (139) found lanolin emulsions of
a-naphthylene acetamide (NA), indolebutyric acid, and b-naphthoxyacetic
acid (NQA) to be difficult to use because of the physical nature of the
emulsifying agents.

They discontinued use of emulsions in their experi

ments, but continued to use the materials in water solutions.

Their

results showed NA sprays increased early production by two weeks as
compared to the control.
Roberts and Struckmeyer (169) also used water solutions of betanaphthoxyacetic acid in an effort to overcome the poor set on the lower
clusters of greenhouse tomatoes.

The results obtained led them to

conclude that the use of this chemical was a practical method of setting
fruits on the lower clusters of greenhouse tomatoes during early and
late winter when natural conditions were not favorable for fruit setting.
Several other studies by various workers have shown similar results (I36,

145,160,226).
Zimmerman and Hitchcock (225) evaluated certain phenoxy and benzoic
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acids for their effectiveness in increasing fruit set and inducing
seedlessness in the tomato.

He reported that o-chlorophenoxypropionic

acid approached the ideal chemical for stimulating ovary growth with
out affecting the rest of the plant.

However, this chemical, if applied

to the entire plant, caused growth inhibition.

The most effective

chemicals for setting fruit on the first clusters and for promoting
parthenocarpy

in fruits during'cold wet conditions were 2, 4-di-

chlorophyenojyacetic acid and 2, 5-dichlorobenzoic acid, respectively.
However, minimum concentration was important and varied with the variety.
Murneek (136) reported a-o-chlorophenoxypropionic acid showed
considerable merit as a hormone spray in the greenhouse.
Wittwer, Stallworth and Howell (215) reported that p-chlorophenoxyacetic acid resulted in significantly more and larger early fruit
when applied at the time that flowers of the first cluster first
appeared.
Increased early and total yields have been consistently shown by
the use of p-chlorophenosyacetic acid by several workers (97,125,136,
142,145,147,160,171,225).

One of the disadvantages of this chemical

has been the frequent occurrence of puffiness associated with its use.
Three years of outdoor testing by Murneek (136) showed the use of
b-naphthoxyacetic acid and p-chloropheno;>yacetic acid to be ineffective
when light intensity and day-length were adequate.
Randhawa and Thompson (160) found b-naphthoxyacetic acid, a-o-chlorophenoxypropionic acid, p-chlorophenoaqracetic acid, and 2, 4, and 5
trichlorophenoxyacetic acid to increase both early and total yield.
Wittwer (210) reported that a combination spray of b-naphthoxyacetic
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acid and p-chlorophenoxyacetic acid increased yields significantly
when used during seasons of low light intensity and short day-lengths.
Wittwer and Schmidt (214) made further studies of the effects of
"hormone" sprays on the fruiting response of outdoor tomatoes.

Their

results lend support to the concept that growth substances result in
significant increases of early production if they are applied to the
flower clusters during periods when night temperatures range below 59°F.
Howlett (71) tested certain chemicals in spray combinations.

The

use of indolebutyric acid and b-naphthoxyacetic acid increased yields,
however, this combination of chemicals caused premature softening of
the fruit.
Learner and Wittwer (95) compared several chemicals on tomato
plants that had been previously exposed to 40° and 60° night tempera
tures, respectively.

Plants pre-exposed to 60° F. night temperatures

and sprayed with 2.5 mg. 4-phthalimide-2, 5-dimethylpyrimidine showed
an increase of 12?! in total fruit weight in the first two weeks of
harvest.

Maleic hydrazide reduced yields drastically.

The use of

a-o-chlorophenoa^propionic acid also resulted in yield reduction.

The

40° F. night temperature caused significant reductions in both early
and total yield.
Wittwer and Teubner (216) sprayed tomato plants with n-m-tolylphthalamic acid during the time when flowers were forming, and obtained
increased flower numbers and early yield.
Teubner and Wittwer (190) studied the effects of n-arylphthalamic
acids on tomato flower formation.

Their results showed that an appli

cation of n-m-tolylphthalamic acid at the time of first cluster
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Initiation changed the inflorescence from a simple raceme to a compound
or multiple-branched rachemous cyme.

The influence of n-m-tolylphth-

alamic acid and 3-indoleacetic acid were similar in that they both
increased the number of flowers formed per cluster.

This reaction was

thought to be similar to that caused by auxin increases in plants
reported by Kramer and Went (84)*

Therefore, it was thought that these

chemicals may have been acting as auxins.
Moore (126) studied the effects of applying n-l-naphthylphthalamic
acid and n-m-tolylphthalamic acid as whole plant sprays to plants in
the first bloom stage.

For an average of five years, the total yield

increase from the use of these chemicals was 149^ in excess of the
unsprayed check.

Early yield was

Cordner and Hedger (25) used

increased accordingly.
n-m-tolylphthalamic acid in studies

with both determinate and indeterminate varieties.

Their results

showed that application of this chemical delayed initiation of the
symbodial bud and/or the growth of the vegetative shoot.

This delay

apparently resulted in certain aberrations of stem growth.

Flower

clusters were more elaborate in that they were many-flowered.
Greig and Al-Tikriti (47) found that one application of 175 PI®
of n-m-tolylphthalamic acid approximately ten days after transplanting
increased the number of flowers in the first cluster.

However, the

yield of marketable fruits was not increased by this treatment.
Waddington and Teubner (197)
of

were able to concentrate production

canning tomatoes by increasing the number of fruits on the first

inflorescence with the use of n-m-tolylphthalamic acid.

This chemical

was especially effective for this purpose when used on the Epoch variety,
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which is a determinate type.
Hemphill (58) and Singletary and Warren (179) pointed out the
importance of time and method of application in regard to the use of
the various chemicals shown to be effective as fruit setting and flower
initiating substances.

Many factors, including variety, temperature,

and stage of development are important in securing the maximum benefit
from the use of these chemicals.
The use of artificial mulcheB such as paper and polyethylene has
been shown to be beneficial

in promoting earliness of certain vege

table crops (40,35*115,116,202).

Earliness, in most cases, was

considered to be a result of increased soil temperature and better
conservation of soil moisture (23, 41,64,176,180,193)*
Magruder (115,116) found tomatoes to mature later where paper
mulches were used.

He obtained no difference in total yield between

mulched and clean cultivated plots.

MATERIALS AND METHODS

A series of experiments was conducted during the seasons from
I960 through 1964 to investigate certain environmental and genetic
factors associated with the expression of earliness in the tomato,
Lycopersicon esculentum.
Three major areas of study were made as follows:

1.) the effect

of different photoperiods on growth, flowering, and fruiting of certain
tomato varieties;

2.) the effect of selected cultural practices on

early production; and 3«) studies of the mode of inheritance of earli
ness of flowering and fruiting of selected parents and their progenies.

Photoperiod Studies
Investigations of the effect of photoperiod on several tomato
varieties were conducted during the springs of I960 and 1961.
Three chambers were constructed in an air-conditioned greenhouse
to obtain photoperiods of 10, 13, and 16 hours.
feet long, four feet tall, and four feet wide.

Each chamber was five
The chambers were

equipped with florescent lights which produced supplementary lighting
at a maximum intensity of 750 foot candles.

The lights in each

chamber were controlled separately by a model T101-Inter-matic time
switch.

Artificial and natural lighting were provided to each chamber

from 7:00 a.m. to 5:00 p.m. each day*

At 5:00 p.m. daily, each photo

period chamber was covered with a black Marvelsheen fabric which
excluded all natural light.

At this time, artificial lighting was

automatically turned off in the 10 hour day-length chamber, while
supplementary lighting, in the form of florescent light, was supplied
to the 13 and 16 hour photoperiod chambers for an additional three and

48

49
six hours, respectively.
During the I960 season, five tomato varieties were tested for their
reaction to each of the three photoperiods.
1.

These varieties included:

Red Global - a relatively late maturing, indeterminate
variety with good tolerance to heat (122);

2.

Indiana 305 - a dwarf, dense foliaged line;

3*

Cavalier - a determinate sparse foliaged variety of early
maturity;

4.

Hotset - an early, small-fruited variety with excellent
heat resistance (102); and

5

Homestead 24 - an early, medium-fruited determinate variety
well adapted to the short winter days of Florida.

Plants of each variety were transplanted into eight inch pots on
March 22, I960 and placed immediately in the photoperiod chambers.
photoperiod chamber was divided into four equal blocks.

Each

A potted plant

of each variety was placed at random in each of the blocks.
The potting medium was composed of a mixture of four parts of silt
loam soil to one part of sand and one part of peat moss by volume.
Plants of all varieties were staked and pruned to a single stem.
The dwarf line, Indiana 305, and the determinate variety, Cavalier,
required little or no pruning.
Records on plant height were taken on April 4, I960.

Records of the

number of flower clusters per plant were taken on June 23, I960.
The same photoperiods of 10, 13, and 16 hours were used in a second
test in 1961.

Moreton Hybrid, an early, indeterminate

hybrid, and

Rutgers, a late indeterminate, widely-adapted variety were used instead of
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Indiana 305 and Hotset.

The other varieties were the same as in I960.

Plants of each variety were transplanted into eight inch pots and placed
in the photoperiod chambers.
The experimental procedure used in 1961 in regard to replications
and randomization was the same as used in I960.
Data were collected April 7, 1961 on stem diameter and plantheight.
Daily counts beginning on that date were made on number offlowers

per

cluster and number of clusters per plant.

Cultural Studies
The effects of certain cultural treatments on early tomato produc
tion were studied in the seasons of 1961 and 1962.

A total of six

experiments was conducted to investigate some of the factors that affect
early tomato production.
An experiment was conducted in 1961 to determine the effects of
several treatments on early production of Mbreton Hybrid.

The treatments

were as follows:
1.

Check - plants primed, staked, and cultivated according to
recommendations of the Louisiana Agricultural Experiment Station;

2.

Plants with terminal buds removed after the fourth cluster
had set fruit;

3.

Black mulch - rows mulched with black polyethylene plastic
1.5 mils thick and 36 inches wide:

4*

Clear mulch - rows mulched with clear polyethylene plastic
2 mils thick and 36 inches wide;

5-

20 ppm of Duraset 20w (n-m-tolylphthalamic acid) as whole
plant spray at time of first cluster formation;
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6.

20 ppm of Duraset 20w (n-m-tolylphthalamic acid) sprayed on
first cluster;

7- Starter solution at transplanting - three pounds of 10-52-17
in 50 gallons of water applied
8. Starter solution (three pounds

at one fourth pint per plant:
of 10-52-17 in 50 gallons

of water) applied at the rate of one fourth pint per plant
as each of first two clusters set fruit; and
9. Plants pruned to two stems.
Plants of Moreton Hybrid were grown from seed planted on January 16,
1961.

These plants were transferred to peat pots two weeks after germi

nation and grown in a heated greenhouse until March 16, 1961.
were then transplanted to the field.

The plants

A simple randomized block design

was used with each treatment replicated seven times.
Another study was made in 1961 to compare the performance of
twelve tomato varieties and lines when grown under black polyethylene
mulch and clean cultivation in a factorial experiment.
and lines compared were:
3 .) Rutgers,
(Pinkdeal),

1.) Moreton Hybrid,

4-) Homestead 24,
8.) Step 341,

5«) Marion,

The varieties

2.) Red Global,
6.) Manapal,

9 0 Step 346 (Floralou),

7.) Step 329

10.) Step 348»

11.) Step 352, and 12.) Step 361.
A split-plot design was used with the varieties as the main plot
and the mulched and clean cultivated treatments as the sub-plots.
In 1962 four varieties and two cultural treatments were compared in
a simple factorial experiment which was arranged in a randomized block
design.

The varieties compared were Red Global, Moreton Hybrid, Floralou

(Step 346), and Pinkdeal (Step 329 )•

The cultural treatments were clean
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cultivation and a black polyethylene mulch.

Each treatment combination

was replicated three times.
The effect of exposure of tomato seedlings to different night temp
eratures was studied in both 1961 and 1962.
In 1961 seedlings of Moreton Hybrid were exposed to the following
temperatures for a period of four weeks:
2.) 60* F. night temperature,

1.) 40° F. night temperature,

3») 70° F. night temperature,

4*) 80° F.

night temperature, and 5 ) 70® F. night and day temperature.
All the above treatments were for a 14 hour night and a 10 hour day.
The day temperature for Treatments 1 through 4 ranged from 80°-85° F.
while the temperature for Treatment 5 was held constant at 70° F. + 2C.
After the four weeks exposure to the different temperatures, the
seedlings were transplanted to the field on March 16, 1961 in a latin
square design.
In 1962 a similar test was conducted using the Floralou variety.
In addition to the original treatments used in 1961, the following
treatments were included in this test:
2.) 50° - 55® F. night temperature,

1.) 35° F. night temperature,

3») 50° - 55° F. night temperature

plus severe leaf pruning, and 4.) 50° - 55° F. night temperature plus
moderate leaf pruning.

Severe leaf pruning was accomplished by removing

all leaves except those forming the terminal of the main shoot.

Moderate

leaf pruning involved the removal of a portion of each primary leaf.
These treatments remained in effect until the seedlings were trans
planted to the field on March 23, 1962, or for approximately four weeks.
A randomized complete block design was used.
The effect of plant populations on early yield was investigated in
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conjunction with different pruning methods in 1961.

The treatments

compared were:
1.

Check - one staked and pruned plant every 24 inches;

2.

Two plants at 24 Inch spacing, both plants pruned and
trained to same stake;

3.

Two plants at 18 inch spacing, both plants pruned and
trained to same stake;

4.

Two plants at 12 inch spacing, no staking or pruning
provided;

5.

Two plants at 6 inch spacing, no staking or pruning
provided;

6.

One plant at 24 inch spacing, staked and pruned and topped
after fourth cluster;

7*

One plant at 24 inch spacing, staked and pruned to a double
stem.

The Floralou variety was used in this test.

Seedlings were trans

planted on March 23, 1962 in a randomized block design with four
replications of each treatment.
Early yield data were obtained for all tests from weekly harvests
which began on May 31, 1961 and on May 29, 1962.

Yield of fruit was

reported on the basis of number of fruits and pounds of fruits per plot.
All plantings were made on rows four feet wide.

Plant spacing on

the row was 24 inches, except in the case of the spacing-pruning test in
1962 where spacing was a variable studied.

Plot size for all experiments

were four by ten feet.
Plants in all tests were pruned and staked except in cases where
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these cultural practices were the variables studied.

All plants were

grown in peat pots from approximately three weeks after seeding to the
time of transplanting to the field.

The recommended practices of

fertilization and insect and disease control were followed (124)*
Statistical analyses, involving the use of analysis of variance
and the F and T tests of significance,were calculated and used to deter
mine the significance of differences obtained.

Genetic Studies
In 1961 a study of the inheritance of earliness of the tomato was
begun.

This character was studied from the flowering and fruiting

standpoint.
In the fall of 1961 controlled crosses were made between parents
selected for the genetic characters of early and late maturity.
parental lines were selfed in order to maintain the genotypes.

The
Seeds

obtained from these controlled crosses and selfs were planted in the
spring of 1962.

The resulting seedlings were transplanted to the

fields on March 23» 1962.

The experimental design used was a randomized

block consisting of four replications.
Early yield data from weekly harvests, which began on June 6, 1962,
were recorded.

Information was obtained on date of flowering, number of
*

flower clusters per plant and number of flowers per cluster on an indi
vidual plant basis.

These data were statistically analyzed by the use

of analysis of variance and the F and T test of significance.
Correlation coefficients were calculated to determine the degree of
association between earliness of flowering and early fruit yield.
The early yield data were used to compare parental lines and to
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study the degree of heterosis expressed in the

tomato hybrids.

In the spring of 1963 a yield test was conducted to study flowering
and early yield of five tomato varieties.

Seedlings for this experiment

were transplanted to the field on March 22, 1963*
design was a latin square.

The experimental

Each plot was four by ten feet, and the

plants were spaced twenty four inches apart.
The varieties compared in this test were selected because of the
wide differences they exhibited in date of maturity.
were:

1.) Moreton Hybrid- very early,

3.) Rutgers - late,

These varieties

2.) Pinkdeal -medium to late,

4») Red Global - late, and 5*) Floralou - medium

to early.
Flowering data obtained from this test were on an individual plant
basis, and consisted of the date of flowering and counts of the number
of buds and flowers for each cluster.

The number of ripe fruit on

May 21, 1963 was recorded on an individual plant basis.

Yield data

consisted of number and weight of fruits in pounds per plot.

Harvests

were made on May 29, June 4, and June 11, 1963.
Statistical analyses calculated for both flowering and yield of
fruit, included analysis of variance, F test of significance, and the
T test of significance.

Correlation coefficients were calculated to

determine the degree of association between early flowering and early
fruit production (185).
Two varieties, Floralou (Step 346) and Pinkdeal (Step 329), and
one breeding line, L92WR-1-1-1,were used in a genetic study of the
earliness character in the tomato.

Floralou was developed in Florida.

Under Louisiana conditions it is medium to early in maturity.

Pinkdeal
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was developed and released in Texas.
in Louisiana.

It is medium to late in maturity

L92WR-1-1-1 is a breeding line developed by the Louisiana

Agricultural Experiment Station at Baton Rouge, and is considered to be
early maturing under Louisiana growing conditions.
Crosses between these lines were made in an air-conditioned green
house in the fall of 1961.

These crosses were:

1.

Floralou (P^) X Pinkdeal (P^)

2.

Floralou (P^ X L92WR-1-1-1 (P2 )

3.

Pinkdeal (P ) X L92WR-1-1-1 (P2 )

In the spring and fall of 1962 these crosses were used to obtain
F-^ and F2 seeds.
Parental crosses were made by emasculating the flowers of the
female parent before anthesis had occurred and applying pollen from
the anthers of the desired male parent to the stigma of the female
flower.
The seeds of the parents and F-^ and F2 progenies were planted and
given identical treatments.

Approximately two weeks after emergence,

the seedlings were placed in peat pots.

Four to five weeks later the

plants were transplanted to the field.

All plants were pruned and

staked, and trained to a single stem*

Irrigation was provided when

necessary.
In order to study the mode of inheritance of earliness of flowering
and fruiting, data were taken on an individualplant basis.
Flowering information was based primarily on the number of buds and
flowers which an individual plant had producedby a certain date, or
after a given number of days from transplanting. The number of buds and
open flowers appearing on each cluster of each plant was recorded. This
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method of record taking provided information on the genetic behavior
of the plants for cluster formation and development, as well as on the
total number of flowers produced by the plant.
Fruiting information was taken In a similar manner.

The number of

ripe fruits that a plant had produced by a given date was used as the
index of earliness of that particular plant.

Since this method also

provided information on the differences between parents and progenies,
it was possible to study the genetic behavior of factors controlling
these characters.
Frequency distribution tables were made for the parents and
progenies of each cross for the traits studied.

These tables provided

the distribution of plants in each population for the earliness
character.

The means, variances, standard error of the means, differ

ences between means and standard error of the differences were calculated
according to the methods of Snedecor (1S5).

These calculations were used

in determining the mode of inheritance of the components of earliness.
In the fall of 1962 the parents and progenies were evaluated for
earliness by counting the number of ripe fruits that each plant had
produced by a certain date.
field on August 3, 1963*

The tomato plants were transplanted to the

The number of ripe fruits produced on each

plant by October 15, 1962 was used as the index of earliness.
In 1963 the seedlings of the parents and progenies were transplanted
to the field on March 23.

Flower counts were made on April 5, H , and 16.

Information obtained from these counts was used to study the inheritance
of early flowering and cluster development on a single plant basis.

The

number of ripe fruit produced by each plant after a period of approximately
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60 days after transplanting to the field was used as a measure of early
fruiting.
In 1964 the seedlings were transplanted to the field on March 20.
Flower counts were made on April 20, 28, and May 4»

Early production

of ripe fruit was determined from harvests made on June 12 and 18.
The mode of inheritance of earliness of flowering and fruiting was
studied by determining nature of gene action and by estimations of
heritability.
Dominance studies were based on the additive model of gene action.
Comparisons of the expected arithmetic means with the observed means of
the progenies were used to determine the nature of dominance.
The methods of Powers (153) were used to calculate the arithmetic
or theoretical means and their standard errors.

In a study of the

inheritance of quantitative characters of tomatoes, he developed the
following formulae:
Population

Theoretical Mean

Standard Error

F1

(P-l + P2) /2

\J

f2

(p-l + p2 + z f 2)/u

\|

(S2P1 + S2P2 ) /4

(^p-l + s2f1 + £s2p2 )/4

where:
P^

= observed

meanof

one parent

Pg

= observed

meanof

other parent

F.

= observed

meanof

F population
X
— o
— 2
—
S P^, S P2, SF^ are the variances of the two parents and the
F^ generation, respectively.
If

the difference

between

the observed

is not significant, absence of dominance is assumed.

meanandthearithmetic mean
The degree of
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dominance may be expressed as the ratio between the genotypic value of
the heterozygote

and the genotypic value of either parent.

Genes showing no dominance are additive genes and are said to act
additively (43)*

Each gene gives a similar contribution to the overall

expression of the trait in question.
Investigations of the nature of gene action for the components of
early yield are based on comparisons of the theoretical means, either
arithmetic or geometric, with the corresponding observed means of all
the progenies.

The calculation of arithmetic means was as described

by Powers (153)»

Calculation of the expected geometric means was as
____________

reported by Charles and Smith (21):
Expected geometric mean for F^,

~

V Vo * Vo^"

where: Vo = observed mean of one parent, and Vo^ == observed mean of
other parent.
Expected geometric means for F2 populations were calculated as
follows (14):
Expected geometric means for F2 = antilogarithms of
log. P-^ + 2 log. F^ +

log. P2

4
Heritability is a statistical measure of the proportion of vari
ation that occurs in a population which is genetic in nature.

A method

of estimating heritability as the ratio of the genetic variance to the
phenotypic variance in percentage is given by Lush (111) as follows:
h = S2 G
S2 P

X 100
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where:

2
S G = genetic variance
S2P = phenotypic variance = variance of F2 .

This method is based on the average degree of variation due to
environment.
Since each flower which forms on a plant has the potential of
becoming a fruit, the degree of association of flowering and fruiting
was determined by calculation of correlation coefficients.
formula for calculation of total correlations was (185):
r = Cov. ^

where:

Xg

r = the correlation coefficient
cov. = covariance
X^ = measurement of one variable
X2 = measurement of a second variable
2

S

= variance.

The

EXPERIMENTAL RESULTS
Photoperiod Studies
The effects of three photoperiods, 10, 13, and 16 hours, on plant
growth and flower cluster formation were studied in I960.

Highly sig

nificant differences were obtained between plant heights of varieties
at any one level of photoperiod treatment and as an average of photo
period treatments.

Red Global was significantly taller than any of the

other varieties as an average of all treatments.

When compared at

individual photoperiod levels, Red Global was significantly taller than
other varieties at the 10 hour and 13 hour photoperiods (Table I).
Plants of Red Global were significantly taller than those of Indiana 305
and Cavalier at the 16 hour photoperiod.
When the effects of photoperiods on plant height were compared at
individual variety levels, it was shown that, in general, the longer
durations of day-length increased plant height.

Cavalier did not

respond to the different photoperiods, while Red Global, Indiana 305,
Homestead 24, and Hotset showed significant responses to photoperiods
of 10 and 16 hours.

Plants of Hotset and Homestead 24 were taller

when grown under the 16 hour photoperiod as compared to those grown
under the 13 hour photoperiod.

Differences in height among plants of

an individual variety when grown under 10 and 13 hour photoperiods
approached statistical significance.

However, when photoperiods were

compared as an average of all varieties, significant differences were
obtained between each of the three photoperiods in regard to their influ
ence on plant height.

Plants grown under the 16 hour photoperiod were

significantly taller at the 1% level of probability than those grown under
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either 10 or 13 hour photoperiods, and those grown under the 13 hour
photoperiod were significantly taller than plants grown under the 10
hour photoperiod.
As an average of all photoperiod treatments, Homestead 24 produced
significantly more flower clusters than all other varieties, with the
exception of Red Global.

The difference in number of clusters between

Homestead 24 and either Indiana 305 or Cavalier was highly significant.
Red Global and Hotset each produced significantly more clusters than
Cavalier.
When the varieties were compared at one level of photoperiod
treatment, Cavalier was shown to produce significantly fewer clusters
at the 10 hour day-length than Red Global, Indiana 305 and Homestead 24.
No significant difference was shown between Cavalier and Hotset at this
photoperiod.

Homestead 24 produced significantly more clusters than

Cavalier at the 13 and 16 hour photoperiods.

Indiana 305 also produced

fewer clusters than Homestead 24 at the 16 hour photoperiod.
Plants of Red Global, Homestead 24, and Cavalier, grown under the
16 hour photoperiod, produced a significantly larger number of flower
clusters at the 1% level of probability than plants of the same varieties
grown at the other photoperiods.

Hotset produced significantly more

flower clusters when grown under the 16 hour photoperiod than under the
10 hour photoperiod.

No difference due to photoperiod was shown for

number of clusters on Indiana 305.
Comparisons of photoperiods, as an average of all varieties, showed
the 16 hour period to have a highly significant influence on the produc
tion of number of clusters over the other two treatments.

No significant
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Table I.
Effect of Three Riotoperiods on Plant
Growth and Flowering of Five Tomato Varieties
in I960

Variety

Photoperiod

X Plant
Heiahtf")

10 hr.
13 hr.
16 hr.

39.0
48. k
58.8

Red Global

Indiana 305

Homestead 24

Cavalier

Hotset

Average of all
varieties

10 hr.
13 hr.
16 hr.

10 hr.
13 hr.
16 hr.

10 hr.
13 hr.
16 hr.

10 hr.
13 hr.
16 hr.

10 hr.
13 hr.
16 hr.

22.0
27.1
37.0

33.8
35.5
48.8

18.0
25.5
26.8

30.8
33.0
50.5

30.4
34.8
45-3

Av. of All Photoperiods
X No.
X Plant
X No.
Clusters/Pit. Heiahtf” ) Clusters/Pit.
2.75
3.25
5.00
48.7

3.67

28.7

3.17

39-3

4.33

23-4

2.67

38.1

3.50

2.75
2.75
4.00

3.25
3-75
6.00

1.25
2.25
4.50

2.50
3.25
4.75

2.50
3-05
4.85

LSD required between varieties at one photoperiod; and
at one variety:
.05
10.2
1.31
.01
13.6
1.75
LSD required between photoperiods as an average of all
between varieties as an average of all photoperiods:
.05
3.8
0.58
.01
5.1
0.78

between photoperiods

varieties; and
5-9
7.8

0.76
1.01
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difference was shown between the 10 and 13 hour photoperiods.
In 1961, a similar study of the effect of the same three photo
periods on flowering and fruiting of five tomato varieties was conducted.
The differences in flowering due to varieties and photoperiods are pre
sented in Table II.

In order to study the differences in date of flowering,

data were obtained on the number of days from seeding to first anthesia
of a flower on the first cluster.

Highly significant differences in

number of days to first anthesis were obtained when varieties were com
pared as sin average of all photoperiod treatments.

Anthesis in Moreton

hybrid and Cavalier was significantly earlier than in the other three
varieties at the 1^ level of probability.

Red Global and Homestead 24

were significantly earlier than Rutgers at the 1% level of probability.
When grown under the 10 hour photoperiod, Rutgers required a signif
icantly longer period of time to reach first anthesis than any other
variety, while Moreton Hybrid and Cavalier required significantly fewer
days for anthesis.
respect.

Homestead 24 and Red Global were comparable in this

At the 13 hour photoperiod, Moreton Hybrid and Cavalier reached

anthesis significantly earlier than the other varieties, while Rutgers
was significantly later than all other varieties.

At the 16 hour photo

period, Moreton Hybrid reached anthesis before any other variety.
difference was significant at the 1% level of probability.

Cavalier was

slightly later than Moreton Hybrid, but was significantly earlier
Rutgers.

The

than

Homestead 24 and Red Global were also significantly earlier

than Rutgers at this photoperiod.
Photoperiod treatments compared as an average of all varieties
showed that plants grown at the 10 hour photoperiod reached anthesis
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Table II.

Variety

Effect of Three Photoperiods on Flowering
of Five Tomato Varieties in 1961

Photoperiod

X No.Days
to 1st
Anthesis

X No.Flws.
on 1st
Cluster

10 hr.
13 hr.
16 hr.

101.3
102.8
101.0

6.3
6.5
5.3

Red Global

Moreton
Hybrid

Cavalier

Rutgers

Homestead 24

Average of all
varieties

10 hr.
13 hr.
16 hr.

10 hr.
13 hr.
16 hr.

10 hr.
13 hr.
16 hr.

10 hr*
13 hr.
16 hr.

10 hr.
13 hr.
16 hr.

LSD required between
between varieties as
.05
.01
LSD required between
.05
.01
LSD required between
.05

95.8
100.0
94.5

95.3
98.5
98.5
104.0
106.8
108.8

100.3
103.8
101.0

99.3
102.4
100.8

Av. of All Photoperiods
X No.Days X No.Flws.
to 1st
on 1st
Anthesis
Cluster

101.7

6.0

96.8

7.2

97.4

5.0

106.5

6.0

101.7

6.8

7.3
7.3
7.0

6.3
3.8
5.0

6.3
6.3
5.5
6.8
6.8
7.0

6.6
6.1
6.0

photoperiods as an average of all varieties; and
an average of all photoperiods:
1.2
N.S.
1.5
1.0
1.6
N.S.
2.1
1.3
photoperiods at only one variety:
2.6
N.S.
3.5
N.S.
varieties at only one photoperiod:
2.6
1.6

.01_________________________ ___________ 2-2____________ z__________ z _
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significantly earlier than plants grown at either 13 or 16 hour photo
periods*

Plants grown at the 16 hour photoperiod reached anthesis in

significantly fewer days than those grown at the 13 hour photoperiod.
Varieties responded differently to photoperiod with respect to
days to anthesis.

Red Global showed no significant difference due to

photoperiod treatments.

However, at the 10 and 16 hour photoperiods,

Moreton Hybrid flowered at a significantly earlier date than when grown
under the 13 hour photoperiod.

Plants of Cavalier grown under the 10

hour photoperiod reached anthesis at a significantly earlier date than
those grown under the other photoperiods.

The results obtained with

Rutgers were similar to those obtained with Cavalier.

Plants of Home

stead 24 reached anthesis significantly earlier when grown under either
the 10 or the 16 hour photoperiod than under the 13 hour photoperiod.
Moreton Hybrid produced significantly more flowers on the first
cluster than either Red Global or Rutgers at both the 10 and 16 hour
photoperiods.

At the 13 hour photoperiod, Moreton Hybrid produced

significantly more flowers than either Red Global, Rutgers, or Home
stead 24.

Cavalier produced significantly more flowers than Red Global

at this photoperiod level.
When varieties and photoperiods were compared for mean number of
ripe fruit produced by June 7, 1961, significant differences were
obtained among varieties at single levels of treatment (Table III).

At

the 10 hour photoperiod, Moreton Hybrid produced a significantly larger
number of ripe fruit than Rutgers, while at the 13 hour photoperiod this
variety produced a significantly larger number than either Red Global,
Rutgers, or Homestead 24.

At the 16 hour photoperiod, Moreton Hybrid
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Table III. Effect of Three Fhotoperiods on
Fruiting of Five Tomato Varieties in 1961

Variety

Red Global

Moreton Hybrid

Cavalier

Rutgers

Homestead 24

Average of all
varieties

Photoperiod

10 hr.
13 hr.
16 hr.

10 hr.
13 hr.
16 hr.

10 hr.
13 hr.
16 hr.

10 hr.
13 hr.
16 hr.

10 hr.
13 hr.
16 hr.

10 hr.
13 hr.
16 hr.

_
_
Avjof All Photoperiods
X No.Ripe X No.Ripe
X No.Ripe X No.Ripe
Fruits on Fruits on Fruits on Fruits on
6-7-61
6-7-61 &
6-7-61
6-23-61
_________ 6- 23-61_______________________
3.35
0.85
2.35
5.60
6.40
6.35

3.85
3.85
4-35
2.60
1.60
1.85
4.60
2.60
4.10

3.80
3.00
3.80

6.0
4.5
3.8
1.9

4.8

6.0

7.6

4.0

7.0

2.0

5.5

3.8

7-2

7.8
8.0
7.0

7.8
7.5
5.8

6.5
5.0
5.0

8.0
7.5
6.0

7.2
6.5
5-5

LSD required between photoperiods as an average of all varieties; and
between varieties as an average of all photoperiods:
.05
N.S.
1.1
1.6
1.4
.01
N.S.
1.5
2.1
1.9
LSD required between photoperiods at only one variety:
.05
N.S.
2.4
.01
N.S.
3.3
LSD required between varieties at only one photoperiod:
.05
2.70
2.4
.01_____________________ 3.60_____ 3^3__________ =________
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produced significantly more ripe fruit than either Red Global or Rutgers.
When yields of varieties for June 7, 1961

were compared as an average

of all treatments, Moreton Hybrid produced significantly higher yields
than the other varieties.

Cavalier and Homestead 24 produced signifi

cantly higher yields than Red Global or Rutgers.
The yields of varieties obtained through June 23, 1961 were compared
as an average of all photoperiod treatments.

Moreton Hybrid, Cavalier,

and Homestead 24 produced significantly higher yields than either Red
Global or Rutgers.
At the 10 hour photoperiod for this date, no significant differ
ences were obtained.

At the 13 hour photoperiod, Red Global and Rutgers

produced significantly fewer ripe fruit than either of the other three
varieties.

At the 16 hour photoperiod, Moreton Hybrid produced a sig

nificantly higher number of ripe fruit than Red Global.
The effect of photoperiods as an average of all varieties on
production of fruit by June 23, 1961 was significant at the 1% level of
probability.

Plants grown at the 10 hour photoperiod produced higher

yields than those grown at the 16 hour photoperiod.

No significant

yield differences were found between the 10 and 13 hour photoperiods or
between the 13 and 16 hour photoperiods.

Cultural Studies
The effects of certain cultural practices on early yield of Moreton
Hybrid are presented in Table IV.

Only two treatments significantly

affected yield at the first harvest.

Neither number nor weight of fruit

produced was affected by treatments after the first harvest.

Duraset

20w (n-m-tolylphthalamic acid) applied at the rate of 20 ppm as a whole

Table IV.

Effects of Certain Cultural Practices on Early
Production of Moreton Hybrid in 1961

Yield at 1st Harvest 6-1-61

U.S. i^l’s *
Av<. No. Av. Wt.
Fr/Plot Lbs/Plot
Check
Topped 9 4th Cluster
Black Plastic Mulch
Clear Plastic Mulch
Duraset 9 1st Cluster
Duraset after Fruit Set
Starter Solution 9
transplanting
Starter Solution 9
Each Cluster Set
Pruned to Two Stems

LSD 9 .05
.01
Date. Transplanted: 3-16-61
Designi\ Randomized Block
Plot Size: 10* x 4f
Plant Spacing: 2*
Variety: Moreton Hybrid
*U.S. #1 (Mean/Plot)

Yield of 1st and
2nd Harvests

Total
Ave No* Av. Wt.
Fr/Plot Lbs/Plot

U.S. #1*8
Av. No. Av. Wt.
Fr/Plot Lbs/Plot

Yield of 1st, 2nd,
3rd, and 4th
Harvests
U.S . #lfs
Av. No. Av. Wt.
Fr/Plot Lbs/Plot

4.57
3.86
5.29
6.43
7.14
4.71

1.54
1.31
1.84
2.11
2.00
1.61

5.57
4.86
6.57
6.57
8.43
6.14

1.74
1.51
2.17
2.27
2.21
1.87

19.71
18.43
24.86
24.86
20.43
21.14

7.24
6.77
8.26
7.93
5.80
7.91

35.71
34-71
47.29
38.85
35-29
42.29

21.48
20.70
26.15
20.60
17.98
24.63

5.14

1.66

7.14

1.99

18.86

6.87

35.86

21.55

6.29
5.00

1.94
1.87

6.86
5.86

2.16
2.06

23.00
24.71

7.64
8.69

39.00
42.00

21.58
25.58

1.76
2.34

N.S.
N.S.

N.S.
N.S.

N.S.
N.S.

N.S.
N.S.

N.S.
N.S.

N.S.
N.S.

N.S.
N.S.
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plant spray at the time the first cluster was forming promoted a highly
significant increase in the number of ripe fruits for that harvest.
Use of a clear plastic mulch significantly increased the number of
early fruits when compared to the check.

However, total weight of

fruit was not significantly affected by treatment.
Mulch tests were conducted in 1961 and 1962.

Results of these

studies are given In Tables V and VI.
In 1961, twelve tomato varieties and lines were compared for yield
when grown on both mulched and clean cultivated plots.

The F test of

significance showed no significant difference between the black plastic
mulched plots and the clean cultivated plots.
was shown for varieties and interaction.

However, significance

Certain varieties, such as

Moreton hybrid and Steps 346 and 352, produced significantly higher
yields when grown under mulch than when grown under clean cultivated
conditions, while Homestead 24 performed best under clean cultivated
conditions.

Moreton Hybrid produced the highest yields when the five

varieties were compared as an average of the mulch treatments.
In 1962 the yields of four varieties were compared on black
plastic mulch and clean cultivation.

As shown by the F test, no signif

icant difference due to mulch treatment was obtained.

Moreton Hybrid

produced a significantly larger number of cracked fruits than the other
three varieties.

Floralou produced a significantly higher number of

U.S. #1 fruits than either Moreton Hybrid or Red Global.
Results obtained in 1961, when plants of Moreton Hybrid were exposed
*

to five different night temperatures, are reported in Table VII.
continuous plant treatment at 70° F. (day and night) promoted the

The

Table V.

Variety or Line

Effects of Mulches on Early Production of Twelve Tomato Lines*

Combined Yield for 1st and 2nd Harvests
Fruit Wt. - lbs.A0’ Plot
No. Fruit / 10’ Plot
Mulched
Cultivated
Av. of
Av. of
Mulched
Cultivated
treatments
treatments
*

Moreton Hybrid
Red Global
Rutgers
Homestead 24
Marion
Manapal
Pinkdeal (Step 329)
Step 341
Floralou (Step 346)
Step 348
Step 352
Step 361

71.50
35-50
28.00
39-50
50.00
36.50
1*2-50
52.50
65.50
30.50
49-50
58.00

42.50
30.50
43.00
62.50
44.50
40.50
54.50
48.00
42.00
43.50
25.00
50.00

57.00
33.00
35-50
51.00
47.20
38.50
49.00
50.25
53.75
37.00
37.75
54.00

26.90
10.75
9.40
14.30
13.05
14.45
15.30
19.70
27.00
11.30
26.15
21.70

13.90
10.55
15.85
21.55
16.50
19.05
18.70
16.95
13.80
15.85
10.15
15.30

LSD required between varieties at one treatment level; or between treatments at one variety:
19-18
19.18
8.23
.05
8.23
.01
26.02
26.02
11.17
11.17

20.40
10.65
12.63
17.93
14.78
16.75
17.00
18.33
18.25
13.58
18.15
18.50

-

-

—

—

ISD between varieties as an average of all treatments:
.05
13-55
.01
18.39
-

-

-

-

-

-

—

—

N.S.
N.S.

* F test showed no significant difference between mulch and clean cultivation; interaction was
significant at 1% level of probability.
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Table VI.

Effect of Mulches on the Early Production
of Several Tomato Varieties

Variety or Line

U.S
X No. Fr.
Per Plot *

X Fr. Wt.
Lbs/Plot

Total All Grades
X No. Fr.. X: F*. Wt.
Lbs/Plot
Per Plot

Cultivated
Red Global
Moreton Hybrid
Floralou
Pinkdeal

9.33
9.33
22.67
14*67

3.00
4-33
8.13
4.63

26.00
36.33
30.33
29.67

7.13
12.77
9.73
8.17

Treatment X as av.
of all varieties

14.00

5.03

31.42

9.45

Mulched
Red Global
Moreton Hybrid
Floralou
Pinkdeal

4.33
10.67
25.67
19.67

1.46
4.03
9.00
6.93

17.33
42.33
35.33
34.33

4.50
15.57
10.70
10.87

Treatment X as av.
of all varieties

15.08

5-36

33.17

10.41

LSD required between varieties at one treatment level:
5.02
12.72
.05
13.49
.01
17.65
6.97
18.73

5.51
7.65

LSD required between treatments at one variety level:
N.S.
N.S.
N.S.
.05
N.S.
N.S.
.01
N.S.

N.S.
N.S.

Treatments as average of all varieties:
F test
N.S.
N.S.

N.S.

Test of Significanc e

* Plot size 10* x 4 T

N.S.
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earliest fruit production.

This treatment gave a highly significant

increase in yield over all other treatments for both number and weight
of fruits in the first harvest.

Combined yields for the first three

harvests showed that plants exposed to this treatment also produced
significantly higher yields than the 70® F. night temperature treat
ment.

The 40® F. night temperature treatment produced a significantly

higher number of fruit in the first harvest than either 60®, 70®, or
90® F. night temperatures.
In 1962, a similar test using different night temperatures prior
to transplanting was conducted.

In this test a 35° F. and a 50®-55° F.

night temperature were added to the original five treatments.

In

addition, two pruning treatments, severe and moderate, were compared
at the 50®-55® F. night temperature level.
were compared.

A total of nine treatments

Results of this study are presented in Table VIII.

Plants from both the 50®-55® F. night temperature and the 70® F. con
tinuous temperature produced highly significant yield increases when
compared to plants exposed to the 35°» 40®, 60°, 70®, or 80® F. night
temperatures.
three harvests.

These differences were maintained through the first
At the time of transplanting, the plants grown at

50®-55® F, were stockier, having greater stem diameter, than those
grown at either 70® or 80® F. night temperature.

The seedlings grown

at 70® F. continuously, were large and sprawling with much heavier stems
and foliage than those grown at night temperatures of 70® and 80® F.
Plants grown at the low temperatures of 35° and 40® F. appeared to be
stunted at the time of transplanting.
Pruning of seedlings in the greenhouse by removing the primary

Table VII.

Treatment *

Effect of Different Temperatures on Early Production
of Horeton Hybrid Plants

1st Harvest
5-31-61
U.S. £L**
No.Fr/Plot Lbs/Plot

1st & 2nd Harvests
5-31-61 and 6-8-61
U.S. #1
No.Fr/Plot Lbs/Plot

Total 3 Harvests
5-31, 6-8, 6-13-61
U.S. ifcL
No.Fr/Plot Lbs/Plot

Total of 5 Harvests
U.S. #L
No.Fr/Plot Lbs/Plot

40* Night Temp.

3*90

1.24

16.6

5.4

24.8

8.62

:4i.o

14.46

60° Night Temp.

1.60

0.66

10.2

4.1

20.4

7.94

40.4

14.34

70° Night Temp.

0.30

0.18

6.4

2.6

12.8

5.18

27.0

10.02

80° Night Temp.

0.70

0.34

12.0

5.1

21.0

8.86

36.6

14.72

70* Continuous

8.70

2.74

19.0

6.0

27.4

8.84

42.0

14.44

LSD 9 .05
.01

1.93
2.71

0.56
0.78

5.9
8.3

2.5
3.5

6.9
9.6

N.S.
N.S.

* Day Temperature was 10 hours at 80»85# F. and night temperature was 14 hours.
**U.S. #1(Mean/Plot)

N.S.
N.S.

N.S.
N.S.

Table VIII.
Effects of Different Temperature and Leaf Pruning
Treatments on Early Production of Floralou Plants

Treatment

1st Harvest
X No.Fr.
X Fr. Wt.
Per Plot* Lbs/Plot

U.S. #1 Grade
1st and 2nd Harvests
X No. Fr. X Fr. Wt.
Per Plot
Lbs/Plot

1st,2nd,3rd Harvests No.Flower Buds
X No. Fr. X Fr. Wt.
on
Per Plot
Lbs/Plot 4-9-62 4-17-62

35°F.night temp.

5.35

2.25

8.25

3-65

9.25

4.63

0.85

18.00

40°F.night temp.

6.35

3.08

8.25

3.95

10.25

4*88

5.60

20.00

60°F.night temp.

6.10

2.38

7.25

2.98

8.25

3.40

3.60

16.00

70°F.night temp.

3.60

1.65

6.00

2.65

7.25

3.13

0.60

14.25

80*F.night temp.

1.35

0.58

3.50

1.20

5.25

2.08

0.10

7.50

70°F. continuous

12.85

5.28

14.00

6.28

14.50

6.55

17.60

27.50

50*-55*F.night temp. 13.10

6.28

16.50

7.63

18.00

8.18

20.10

29.00

50°-55°F.night temp.
+ severe pruning

7.85

3.40

10.25

4.50

11.00

4.83

8.85

26.75

50°-55*F.night temp.
+ mod. pruning
10.60

5.25

12.25

5-98

13.75

6.63

17.85

28.25

LSD 3 .05
.01

1.64
2.22

3.98
5.37

1.67
2.26

4.50
6.16

1.82
2.46

3.45
4*66

5.15
6.96

*Plot Size - 101 x 4 f

3.^4
4.92
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leaves was shown to be detrimental to production of early fruits.

A

significant difference at the 1% level of probability for number of
fruit was obtained in favor of the unpruned plants when compared to
the severely pruned plants.
harvests.

This difference was maintained for three

Although losses from plants moderately pruned werernot;. as

drastic as those from severely pruned plants, this treatment reduced
yields significantly.
In addition to yield studies, investigations of flower production
were made.

As shown in Table VIII, plants exposed to the 70° F. con

tinuous temperature and to the 50°-55° F. night temperature treatments
produced more early flowers than the plants exposed to 35°» 40°, 60°,
70°, and 80° F. night temperatures.
nificant.

The differences were highly sig

The severely pruned plants exposed to 50°-55° F. night

temperature did not produce as many flowers as the unpruned or the
moderately pruned plants exposed to that temperature.
A highly significant positive correlation coefficient (r = 0.848)
was obtained between number of early flowers and the number of early
ripe fruits produced.
Different plant spacings and pruning treatments are compared in
Table IX.

The use of two plants at 6, 18, and 24 inch spacings lowered

yield of U.S. #lfs significantly at the 1% level of probability when
compared to the check or single plant spaced at 24 inches.

However,

there was no significant difference in yields between the double plants
at a 12 inch spacing and the check.

Plants spaced at 24 inches and

either topped after the fourth cluster or trained to two stems, produced
yields comparable to those of the check plants in the first harvest.

Table IX.

Spacing or Pruning
Treatments

Effects of Spacing and Pruning Practices on Early Yield
of Floralou - 1962

Average No. and Wt. of U.S. iO.»s Per Plot *
1st & 2nd Harvests
Total of 3 Harvests
1st Harvest
No. Fr.
No. Fr.
No. lbs.
No. Fr.
No. lbs.
No. lbs.
per plot
per plot
per plot
per plot
per plot
per plot

Check - 1 plant 9
24 inches

24.00

8.53

30.25

11.15

34.00

12.55

2 plants 9 24 inches

12.75

5.90

17.00

7.73

20.00

8.90

2 plants 9 18 inches

8.50

4.05

17.00

7.50

24.50

10.50

2 plants 9 12 inches

26.75

11.73

35.50

14.28

41.00

16.25

2 plants 9 6 inches

9.25

4.03

16.00

6.55

17.75

7.35

1 plant § 24 inches
topped after 4th cluster

20.00

8.13

25.25

10.43

26.50

10.93

1 plant 6 24 inches
pruned to two stems

16.75

6.68

19.25

7.70

20.50

8.15

ISD 9 .05
.01

8.11
10.99

4.13
N.S.

6.49
8.80

3.53
4.79

7.56
10.25

4.05
5.48

*Plot size - 101 x 4'
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However, highly Bigpifleant differences were obtained in favor of the
check plants over the two stem plants when yields of the first and
second harvests were combined.

The same was true for the combined

yields of the first three harvests.

Tho double plants spaced at 12

Inches produced significantly higher yields over single plants pruned
to two stems and spaced 24 inches apart.

These differences were

evident only through the first three harvests.

Genetic Studies
A complete randomized block design was used to compare nine
tomato hybrids with their respective parents for early flowering and
yield.

Results of this experiment are reported in Table X.

Flowering

data consisted of counts for two dates and total number of buds and
flowers on a given date.

At the first count on April 10, 1962, signif

icant differences were obtained for number of buds and flowers between
certain parents and their F^ hybrids.

Each parent of the hybrid between

3XBr4-l and Step 346 (Floralou) produced a significantly larger number
of flowers on this date than the F^ hybrid.

In the cross, Step 329

(Pinkdeal) X L92WR-1-1-1, each parent produced significantly more buds
and flowers than the F^ hybrid.

In the cross, Step 373 X Step 329» the

female parent, Step 373» produced significantly more buds and flowers
than the

hybrid.

The F^ hybrid with the highest bud and flower count

on this date was a hybrid from Step 346 X L92WR-1-1-1, and although this
count was higher than that of either parent, the differences were not
significant.

When L92WR-1-1-1 was used in crosses with Step 329 and

Step 346, the resulting hybrids responded differently.

When Step 346
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was used in combination with 3XBr4-l, the resulting hybrid produced a
significantly smaller number of flowerB than- the
X L92WR-1-1-1.
ability.

hybrid from Step 346

Step 329, in general, showed low specific combining

This is shown In the low number of buds formed in crosses of

the parent with L92WR-1-1-1 and Step 373*

The hybrid combination of

A1WR1 X Step 329 produced a smaller number of buds and flowers than
either parent.
For the second count on April 16, 1962, all parents and F^ hybrids
had an increase in the number of buds and flowers.

The parent, 3XBr4-l,

had significantly more buds and flowers than all other parents except
Step 346.

This same parent showed a significantly higher bud and flower

count than all F^ hybridB, with the exception of the F^Ts from A6-10 X
Step 329 and 3XBr4-l X Step 346.

A comparison of the parents and their

respective F^ hybrids for number of open flowers on April 13,1962 showed
wide variations.

The parents, Step 346 and L92WR-1-1-1, each had pro

duced more flowers on this date than Step 329 or A1WR1.

The F^ hybrid

of the cross, Step 346 X 329, was shown to be intermediate between the
parents in number of open flowers.

Although not significantly different

from either parent, the number of open flowers produced by the F^ hybrid,
Step 346 X L92WR-1-1-1, was higher than for either parent.

The F^

hybrid from a cross of Step 329 X L92WR-1-1-1, had the lowest number of
open flowers on April 16, 1962.

Of the parental material, 3XBr4-l had

the lowest number of open flowers, but it had the largest number of buds
and flowers.

The majority were in the bud stage.

The F^ hybrid of

3XBr4-l with Step 346 also produced a low count of open flowers but a
high total count of buds and flowers.

This F^ hybrid produced a

Table X.
Number of Flowers and Early Yield of F.
Tomato Hybrids and Their Parents - 1962 Season

No. Buds & Flowers
Parent or
F. Hybrid
1
3XBr4-l
Step 346 (Floralou)
Step 373
A6-10
L92WR-1-1-1
A1-3WR-1
Step 329 (Pinkdeal)
ATWR1
Step 361
S346 X L92WR-1-1-1
A1WR1 X S346
S346 X S329
A6-10 X S329
S36I X L92WR-1-1-1
S373 X S329
A1WR1 X S329
3XBr4-l X S346
S329 X L92WR-1-1-1

No. Open
Flowers
4-13-62

Ave.No.. Frs.
Per Plot* - 1st
Harvest 6-6-62
U.S.#lfs A H Grds.
6.25
10.50
7.50
11.75
3.00
9.25
11.00
11.50
8.75
8.25
10.50
17.00
11.75
9.00
8.25
10.00
9.00
9.00

16.25
17.75
14.25
20.75
16.50
15.00
16.25
16.50
15.50
18.50
16.50
24.25
17.00
16.50
13.00
15.75
20.75
13.25

2.15
4*48
3.05
3.48
1.33
3.18
3.98
4.38
4.20
3.55
4.20
6.60
4.23
4.33
3.60
4.38
3.50
3.63

5.93
6.68
5.73
5.40
7.43
4.50
5.22
5.95
6.68
7.25
6.35
8.72
5.85
8.10
5.93
6.20
7.33
5.10

5.55
. N.S.

6.98
9.28

N.S.
N.S.

N.S.
N.S.

4-10-62

4-13-62

24.7
22.0
21.7
20.7
20.7
20.3
19.7
19.7
19.3
24.7
22.0
21.3
20.7
18.0
15.7
15.0
14.7
13.7

31.67
27.33
23.67
26.67
23.00
24.33
25.00
23.00
24.33
26.67
25.33
26.33
27.67
22.00
25.33
22.00
27.00
21.33

2.33
10.67
7.67
7.00
9.67
6.67
6.33
5.67
9.33
12.00
7.00
8.67
8.00
5.33
4.33
2.33
4.67
2.00

5.3
7-1

4.93
N.S.

4.17
hSL

LSD § .05
.01

_

Ave. Wt. of Fruits Per Plot
1st Harvest
6-6-62
6-6-62
U.S. #lrs
All Grades

* Plot Size - 10T x 4 f
8
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significantly lower number of open flowers on June 13, 1962 than Step
346.
The average number and weight of ripe fruits harvested on June 6,
1962, were used as criteria for early fruit production.
are shown in Table X.

These date

The parental material produced comparable

numbers of U.S. #1 fruit.

When L92WR-1-1-1 was used in a cross with

Step 346, the F^ hybrid produced an intermediate number of fruit to
that of the two parents.

The inability of L92WR-1-1-1 to produce a

large number of U.S. #l?s was attributed to the susceptibility of this
line to cracking.

L92WR-1-1-1 had performed as well as each of the

other parents in the production of fruits of all grades.

The F^ hybrid

of a cross, Step 346 X Step 329, produced a significantly larger number
of U.S. #lfs than either of the parents.

The yield of all grades for

this F^ was significantly higher than that of Step 329, and approached
significance over Step 346.
A correlation coefficient of +.469 was obtained between number of
buds and flowers on April 10, and number of ripe fruit on June 6, 1962.
This r value was highly significant.
In the spring of 1963, five tomato varieties were compared for
differences in early flowering and early fruiting.

Data in Table XI

show varietal differences in number of buds and open flowers on three
separate counting dates.

For the first count taken on April 3, 1963,

all flowers were in the bud stage and were confined to the first cluster.
On this date, plants of Floralou had a significantly higher number of
buds than either Pinkdeal, Rutgers, or Red Global.

Moreton Hybrid plants

had significantly more buds than either Rutgers or Red Global on this

Table XI.

Variety

_ 4-3-63
X Mo. Buds

Varietal Differences in Early Flowering - 1963

1st Cluster
4-ll-63_
X No.Open
X No. Buds
Flowers
&: Flowers

4-16-63
X No. Buds X No.Open
& Flowers
Flowers

1st & 2nd Cluster
4-16-63
X No.Buds X No.Open
& Flowers
Flowers

Moreton Hybrid

3.90

5.55

2.50

7.05

4.85

12.20

5.55

Pinkdeal

3-50

5.10

1.85

6.70

4*40

10.36

4.55

Rutgers

3.10

4.56

0.90

5.55

3.45

8.84

3.45

Red Global

2.50

4.60

0.95

5.15

3.65

8.64

3.65

Floralou

4.40

5-45

3.10

5.80

4.95

11.08

6.25

LSD d .05
.01

0.74
0.99

0.72
0.96

0.75
1.00

0.75
0.99

0.71
0.95

1.10
1.46

1.10
1.46
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date.
The second flower count was made on April 11, 1963*

On this date,

plants of Floralou and Moreton Hybrid had a significantly higher number
of buds and open flowers than either Rutgers or Red Global plants.
When the number of open flowers per plant was considered, Rutgers and
Red Global had significantly fewer buds and open flowers than either
of the other three varieties.

Floralou plants produced more open

flowers than Pinkdeal plants.

On April 16, 1963, Moreton Hybrid and

Pinkdeal plants had produced more flowers on the first cluster than
either Floralou, Rutgers, or Red Global.

However, when the number of

open flowers on the first cluster was considered for that date, Floralou,
Moreton Hybrid, and Pinkdeal were not different.

Each of these three

varieties had produced significantly more open flowers than either
Rutgers or Red Global.
When the total number of flowers and buds for both the first and
second clusters were counted on April 16, 1963, there was no difference
between plants of Pinkdeal and Floralou.

Moreton Hybrid bad produced

significantly more buds and open flowers than those of each of the other
varieties.

Pinkdeal and Floralou plants had each produced significantly

more buds and flowers than those of either Rutgers or Red Global.

Also,

Floralou plants produced more open flowers than those of Pinkdeal,
Rutgers, or Red Global at this date.
nificant.

These differences were highly sig

Yield studies reported in Table XII show that Floralou produced

the highest number of U.S. #1 fruits at the first harvest on May 29, 1963*
There was no significant difference between Floralou and Pinkdeal for
either number or weight of U.S. #1 fruit at this harvest.

However,

Table XII.

Variety

Early Yields of Five Tomato Varieties
in 1963

1st Harvest
5-29-63
U.S. #1 *s
_Total All Grades
X Fr.Wt.
X No.Fr.
X No.Fr.
X Fr.Wt.
Per Plot* Lbs/Plot
Per Plot
Lbs/Plot

1st & 2nd Harvests 5-29-63 & 6-4-63
U.S. #lfs
Total All Grades
X No.Fr. X Fr.Wt. X No.Fr. X Fr.Wt.
Per Plot Lbs/Plot Per Plot Lbs/Plot

7.02

2.90

25.20

10.58

15.20

6.30

44.50

19.34

Pinkdeal

14.00

6.20

18.60

7.44

23.20

9.66

40.80

17.08

Rutgers

8.50

2.68

12.80

5.44

16.80

6.72

37.40

15.98

Red Global

6.00

1.78

10.40

3.94

13.60

5.96

31.00

14.18

20.25

6.46

22.00

8.70

29.40

11.66

44.60

18.48

5.68
7.82

2.29
3.15

7.06
9.22

'2.90
3.99

9.69
13.35

N.S.
N.S.

N.S.
N.S.

Moreton Hybrid

Floralou

I£D @ .05
.01

3.65
N.S.°

* Plot Size - 101 x 4 f

co
-p-
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Floralou produced higher yields of U.S. #1 fruit, in both number and
weight, than the other three varieties.

For total yield of the first

harvest, there was no significant difference among Moreton Hybrid,
Pinkdeal, and Floralou.

However, each of these three varieties pro

duced a significantly higher number and weight of fruits than Rutgers
or Red Global.

Floralou produced significantly higher yields of U.S.

#1 fruits for the combined yields of two harvests than either Moreton
Hybrid, Rutgers, or Red Global.

Pinkdeal produced a higher yield of

U.S. #1 fruit than Red Global, however, no significant yield differ
ences for total yield were obtained between these two varieties.
The mode of inheritance of flower development was studied in the
springs of 1963 and 1964. Flowering data are presented for each indi
vidual year and are not combined for the two years.
During the 1963 season, the number of flowers produced by each
individual plant of the parents and progenies was recorded on April 5,
April 11, and April 16.

Plant frequency distributions of parents and

progenies involved in the cross, Floralou (P ) X Pinkdeal (Pp) are pre1
sented in Tables XIII, XIV, and XV for the three respective dates.
These tables also give the observed means for the parents and offsprings,
and the theoretical means and mean differences for the F^ and F2 genera
tions*
On April 5» 1963, as shown in Table XIII, plants of Floralou had
an average of 4.289 + 0.139 flowers per plant, while Pinkdeal had
2.889 + 0.151*

The mean difference of 1.400 + 0.205 was significant.

On April 11, 1963, Floralou had an average of 8.500 + 0.337 flowers per
plant as compared to 5*156 + 0.238 for Pinkdeal, which gave a highly
significant mean difference of 3*344 + 0.413*

A highly significant mean
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difference was also obtained In favor of Floralou at the counting date
of April 16, 1963*

Means on this date for Floralou and Pinkdeal were

14.444 + 0.414 and 8.600 + 0.351* respectively.

Observed means for F^

and F2 populations were intermediate to the parents in regard to the
number of flowers per plant at each of the last two counting dates.
Significant mean differences were obtained between the mean of each
progeny and the parents for these two dates.

At the April 5 counting,

no significant difference between the means of Floralou and the F2 pop
ulation was shown.

In all other cases, the means of F^ and

generations were intermediate to those of the parents, and were signif
icantly different from either parent.

This indicates absence of

dominance.
The high differences between observed and geometric means as shown
for

the F2 generation on April 5* and for both the F^ and F2 generations

on April 11, indicate gene action was not geometric.
Mean differences between the observed and arithmetic means of the
F^ for the April 5 and April 11 cotints were not significant.

Therefore,

it was indicated that genes lacked dominance and were additive in their
effects, since the two means were within the limits of experimental
error.
At each of the counting dates, distribution of plants for flower
numbers showed an overlapping for both parents, as well as for the F^
and F2 generations.
the trait studied.

This indicates a high environmental influence on
However, the modal means of the two parents differed

for each date of flower count.

Plant distributions in the F^ and F2

populations gave an intermediate response to the parents.

The modal mean

Table XHI. Plant Frequency Distribution of Parents and F-^ and F2
Progenies for Number of Buds and Flowers on April 5, 1963, for a
Cross, Floralou (P^) X Pinkdeal CP^)

No. Buds and
Flowers

P1

0
1
2
3
4
5
6
7
8
9
Population
S2

8
21
12
3
1

45
0.863

Parent or Progeny
f2

4
10
21
7
3

45
1.022
Arithmetic Mean

Arithmetic Mean
Difference

Floralou (P-,)
Pinkdeal (P?)
*1
F2

4.289
2.889
3.556
4.618

3.589 + 0.687
3-573 ± 0.981

0.033 + 0.699
1.045 ± 1.009

Heritability = 30.90J*

9
225
1.259

45
0.726

Observed Mean

0.139
0.151
0.128
0.237

4
1
24
66
93
30
6

3
21
14
7

Generation

+
+
+
+

F2

F1

Geometric
Mean

3.519
3.540

Geometric
Mean Dif.

+.037
+1.078

Table XIV. Plant Frequency Distribution of Parents and K and F£
Progenies for Number of Buds and Open Flowers on April 11, 1963»
for a Cross, Floralou (P^) X Pinkdeal (P2 )

No. Buds and
Flowers/Pit.

P1

0-3

f2

6

1

11

12

34

26

120

8-11

32

5

18

91
1

1

Population
S2

45

45

45

223

5.108

2.544

2.952

4.537

Generation

Cbserved Mean

Floralou (P^)

8.500 + 0.337

Pinkdeal (P2)

5.156 + 0.238

F2

F1

4 - 7

12-15

F1

Parent or Progeny
P2

Arithmetic Mean

Arithmetic Mean
Difference

6.844 + 0.256

6.828 + 1.383

0.016 + 1.406

7.620

-0.776

6.668 + 0.143

6.836 + 1.302

0.168 + 1.309

7.729

-1.061

Heritability = 22.09?

Geometric 'Geometric
Mean
Mean Dif.

Table XV.
Plant Frequency Distribution of Parents and
F2 Progeny for Number of Buds and Open Flowers on April 16,
1963, for a Cross, Floralou (P ) X Pinkdeal (Pp)

1

No. Buds and
Flower s/Plant

Parent or Progeny
Pi

P2

p2

19

13

0-3
4-7
8-11

8

23

75

12-15

21

3

84

16 - 19

16

46

20 - 21

4

Population

45

45

222

14*444

8.600

12.779

sX

0.414

0.351

0.229

S2

7*723

5*523

11.642

Observed Mean

Heritability = 43«H/£
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of the F2 on April 5 was closer to that of Floralou.

Heritability was

low at each of the counting dates which indicates a strong influence
from environment.
During the 1964 seasonf a large number of plants were destroyed
by hail.

Therefore, certain populations were reduced markedly.

Flowering data for the cross, Floralou (P^) X Pinkdeal (P2 )» are
given in Table XVI.

These data were recorded on April 20, 1964*

Ob

served means of Floralou and Pinkdeal for number of flowers were
9*526 + 0.717 and 6.316 + 0.463# respectively.
3.210 + 0.854 was highly significant.

The mean difference of

The mean of the F2 population

fell slightly below that of Pinkdeal, the low parent, and was signif
icantly smaller than the mean of Floralou plants.

No data were taken

for the F^ pro^ny due to the damage from the hailstorm.

A very high

variance component was obtained for the parental populations, there
fore, heritability was very low.
Data for number of flowers per plant on April 5# April 11, and
April 16, 1963# for the cross, Floralou (P^) X L92WR-1-1-1 (P2 ), are
given in Tables XVII, XVIII, and XIX, respectively.

The mean differ

ence between the parents, Floralou and L92WR-1-1-1, for number of
flowers at each of the respective counting dates were 1.049 + 0.205#
3.367 + 0.404, and 6.200 + 0.511.

Each of these differences was

highly significant in favor of Floralou.

The observed means of the

F^ and F2 generations for this trait were intermediate to the parental
means at each date of counting.

The Floralou population produced a

significantly higher number of flowers than the F^ or F2 populations
at each of the three counting dates.

Observed means of the F^ and F2

Table XVI. Plant Frequency Distribution of Parents and Fg
Progeni?s fof Uujnbgf.
Buds and Flowers on April- 20* „1964.
For"a Cros's,"Floralou tP£; a P i n M e a r t ^ ^
No. Buds and
Flowers/Pit.

Parent or Progeny

P1

P2

F
2

10

0-3

1

4-7

4

17

136

8-11

7

2

9

12-15

7

3

Population

19

19

158

CA)served X

9-526

6.316

5.374

sX

0.717

0.463

0.159

s2

9.263

4.064

4.137

Table XVII. Plant Frequency Distribution of Parents and F. and F2
Progenies for Number of Buds and Flowers on April 5* 1963* for
a Cross, Floralou (P^) X L92WR-1-1-1 (P2)

No. Buds and
Flowers/Pit.

P1

0
1
2
3
4
5
6
7
8
9
Population
S5

8
21
12
3
1

45
O .863

1
1
8
12
22
1

2
7
13
15
8

45
1.022

45
1.225

f2
2
4
7
22
22
14
3
1

75
:1.877
Geometric
Mean

Geometric
Mean Dif.

Arithmetic Mean
Difference

3.444 ± 0.165

3-766 + 0.687

0.322 + 0.707

3.730

- 0.286

3.560 + 0.158

3.605 + 0.736

0.045 + 0.753

3.500

+ 0.060

Observed Mean

Floralou (P^)

4.289 + 0.139

L92WR-1-1-1 (P2)

3.244 + 0.151

F2

Fx

Arithmetic Mean

Generation

F1

Parent or Progeny
P2

Heritability = 44.75*

Table XVIII. Plant Frequency Distribution of Parents and F, and
Progenies for Number of Buds and Flowers on April 11, 1963,
For a Cross, Floralou (P^) X L92WR-1-1-1 (P^)

No. Buds and
Flowers/Pit.

P1

9-3

Parent or Progeny
P2

?2

?2

F1

2

1

2

4-7

12

38

18

21

8-11

32

5

26

21

12-15

1
45

45

45

44

5.108

2.220

5.570

4.623

Population
S2
Generation

Observed Mean

Floralou (P^)

8.500 + 0.337

L92WR-1-1-1 (P2)

5.133 + 0.223

Fi
F2

Geometric
Mean

Geometric
Mean Dif.

Arithmetic Mean

Arithmetic Mean
Difference

7.311 + 0.344

6.817 i 1.354

0.494 + 1.397

6.603

+ 0.708

6.867 + 0.321

7.064 + 1.519

0.197 + 1.552

6.948

- 0.081

Heritability = 7.01*

Table XIX. Plant Frequency Distribution of Parents and F. and F
Progenies for Number of Buds and Flowers on April 16, 1965, for a
Cross, Floralou (P^) X L92WR-1-1-1 (P2 )

No. Buds and
Flowers/Pit.

Parent or Progeny
pi

*2

P2

F1

13

2

2

0-3
4-7
8-11

8

30

19

11

12-15

21

2

15

22

16 - 19

16

0

9

9

45

45

45

44

7.723

3.960

10.791

9.954

20-21
Population
S2
Generation

Observed Mean

Arithmetic Mean

Arithmetic Mean
Difference

Geometric
Mean

Geometric
Mean Dif.

Floralou (P,)
L92WR-1-1-1 (P2 )

14.444
8.244
12.267
12.864

11.344 + 1.709
11.806 + 2.039

0.923 + 1.777
1.058 + 2.093

10.912
11.580

+ 1.355
+ 1.284

£
*2

Heritability = 2U*1U%

+
+
+
+

0.414
0.297
0.489
0.475
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populations were similar to that of L92WR-1-1-1 on April 5, 1963.
the other two dates the
that of L92WR-1-1-1.

and

At

means were significantly higher than

As shown by the frequency distribution, the

and F2 plants tended to follow more closely the plant distribution of
L92WR-1-1-1 than that of Floralou on April 5, which indicates partial
dominance for the lower number of flowers.

However, the arithmetic

mean and the observed mean of the F^ and F2 populations for this date
were not statistically different.

Since the observed means at the

April 11 and April 16 counting dates were equal to the arithmetic means
within the limits of experimental error, absence of dominance is indi
cated.

Frequency distributions of plants at these two dates indicate

an intermediate response of the F^ and F2 populations to the parental
populations.
Theoretical means, arithmetic and geometric, were not significantly
different from the observed F^ and

means at any of the three counting

dates.
Variance was high within each of the homogeneous plant populations
of parents indicating a strong influence of environment on the pheno
typic expression of the trait.

Heritability was considered low as was

expected from the high measurements of variance.
The flowering data collected in 1964 for this cross are presented
in Table XX.

The observed means of Floralou and L92WR-1-1-1 for number

of flowers per plant, were 9*526 + 0.717 and 8.158 + 0.298, respectively.
The mean difference of 1.368 + 0.776 was not significant.

The F^ pop

ulation mean (8.250 + 0.594) was comparable to L92WR-1-1-1, but not
significantly different from Floralou.

However, the mean of the F2

Table XX. Plant Frequency Distribution of Parents and F, and F2
Progenies for Number of Buds and Flowers on April 20, 1964,
For a Cross, Floralou (P ) X L92WR-1-1-1 (Pg)

No. Buds and
Flowers/Pit.

Parent or Progeny
P1

0-3

1

4-7

4

9

5

70

8-11

7

10

9

23

12-15

7

1

2

2

19

20

16

102

9.263

1.696

5.667

6.135

Population
S2
Generation

Observed Mean

Floralou (P^)

9.526 + 0.717

F1

P2

F2
7

Arithmetic Mean

Arithmetic Mean
Difference

Geometric
Mean

Geometric
Mean Dif.

L92WR-1-1-1 (P2 ) 8.156 + 0.298
F1

8.250 + 0.594

8.842 + 1.655

0.592 + 1.758

8.815

- 0.565

F2

5.920 + 0.248

9.046 + 1.669

3.126 + 1.688

8.531

- 2.611

Heritability = 9.67^
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population was significantly smaller than the smallest parent, indi
cating transgressive inheritance and over dominance for the smaller
number of flowers.

The expected arithmetic mean of the F2 differed

significantly from the observed mean.

The distribution of F2 plants

for number of flowers *hows a high percentage of segregating plants
were below the arithmetic mean.

The geometric mean of the F2 popu

lation was not in agreement with its observed mean.

Heritability

was very low for number of flowers in this cross.
Records of numbers of flowers for parents and progenies from the
cross, Pinkdeal (P ) X L92WR-1-1-1 (P2), were taken on April 5»
April 11, and April 16, 1963*

Plant frequency distributions, observed

and theoretical means, and heritability information are given in
Tables XXI, XXII, and XXIII for each of the respective dates.

The ob

served mean difference between the two parents on April 5 was 0.355 +
0.214, which was not significant.

The mean differences between parents

for the April 11 and April 16 counts were 0.023 + O .366 and 0.356 +
0.460, respectively.

These differences were not significant.

However,

comparisons of parental means to progeny means showed significant
differences.

Means of the F^ population for number of flowers were

significantly larger than either parental mean at both the April 5 and
April U

counts.

F2 population means were significantly larger than

either parental mean at the April 5 and April 16 counts.
was obtained at the April 11 count.

No difference

These data indicate over dominance.

However, the arithmetic means of the F-^ population for the two dates of
flower counting do not differ from the observed means for these two
dates.

The same is true when the observed and theoretical means of the

Table XXI. Plant Frequency Distribution of Parent* and Ft and F2
Progenies for Number of Buds and Flowers on April 5* 1963* for
a Cross, Pinkdeal (Pi) X L92WR-1-1-1 (P2 )

No. Buds and
Flowers/Pit.

Parent or Progeny
P1

0
1
2
3
4
5
6
7
8
9
Population
S2

P2

F1

f2

4
10
21
7
3

1
1
8
12
22
1

2
18
18
7

13
5
33
53
28
6

45
1.022

45
1.022

45
0.636

138
1.532

Arithmetic Mean

Arithmetic Mean
Difference

3.667 ± 0.119

3.067 + 0.714

0.600 + 0.724

3.061

+ 0.606

3.696 + 0.105

3.367 + 0.644

0.329 + 0.652

3.300

+ 0.396

Generation

Observed Mean

Pinkdeal (Pi)

2.889 + 0.151

L92WR-1-1-1 (P2)

3.244 + 0.151

F1
F2

Heritability = 41.71*

Geometric
Mean

Geometric
Mean Dif.

Table XXII. Plant Frequency Distribution of Parents and F. and F2
Progenies for Number of Buds and Flowers on April 11, 1963 , for
a Cross, Pinkdeal (P^ X L92WR-1-1-1 (P2)

No. Buds and
Flowers/Pit •

P1

Parent or Progeny
?2

F1

p2

0-3

6

2

1

16

4-7

34

38

31

100

5

5

13

21

45

45

45

137

2.544

2.220

3-423

3-233

8-11
Population
S2
Generation

Cbserved Mean

Arithmetic Mean

Arithmetic Mean
Difference

Geometric
Mean

Geometric
Mean Dif.

Pinkdeal (Px)

5.156 + 0.238

L92WR-1-1-1 (P2)

5.133 + 0.223

F1

5.978 + 0.276

5.145 ± 1.091

0.833 ± 1.125

5.144

+ 0.834

P2

5.391 + 0.154

5.561 + 1.204

0.250 ± 1.214

5.548

- 0.157

Heritability = 15.59i

Table XXIII. Plant Frequency Distribution of Parents and F2 Progeny
For Number of Buds and Open Flowers on April 16, 1963, for a Cross,
Pinkdeal (P-J X L92WR-1-1-1 (P2 )

No. Buds and
Flowers/Pit.

Parent or Progeny
P1

P2

*2

4-7

19

13

11

8-11

23

30

78

12-15

3

2

39

0-3

16-19

9

20-21

1
45

45

138

Observed X

8.600

8.244

10.812

sX

0.351

0.297

0.230

S2

5.523

3.960

7.312

Heritability = 35-15*

100

Population

101

?2

population are compared.

The observed means of the F^ population

differed from the geometric means for each of the two counting dates.
The observed F2 mean for April 5 was considerably larger than the
geometric mean, however, for the April 11 count, the geometric mean
was slightly larger than the observed mean.

The significant differences

shown between progeny and parental means suggest the occurrence of
transgressive inheritance.
The effect of environment on flower numbers caused a rather high
variance component.

Estimates of heritability were low, indicating a

high environmental influence on the trait.
Data collected on April 20, 1964, in regard to number of flowers
produced', by parents and progenies of this cross are presented in
Table XXIV.

For this season and date, L92WR-1-1-1 produced a signifi

cantly larger number of flowers,as shown by the mean difference of
1.942 + 0.551, than Pinkdeal.

L92WR-1-1-1 also produced significantly

more flowers than either the F^ or F^ populations for this date.

The

mean difference of 1.211 + 0.530 between means of Pinkdeal and the Fj
population was significant.

Although the differences between the

arithmetic and observed means of the F^ and F2 populations were large,
they were not significant since experimental error was also large.

The

data obtained for these populations are somewhat incomplete since hail
destroyed many ofJthe plants. The low number of plants in each popula
tion waB considered to have reduced the possibility of maximum expression
of the trait studied.

Mean differences are given in Table XXV.

The number of open flowers per plant on April 16, 1963, was also
investigated.

Information regarding the inheritance of this trait in

Table XXIV. Plant Frequency Distribution of Parents and FI and F2
Progenies for Number of Buds and Flowers on April 20, 196 4 , for
a Cross, Pinkdeal (P^) X L92VIR-1-1-1 (P2 )

No. Buds and
Flowers/Pit.

Parent or Progeny
P1

P2

0-3
4-7
8-11

F1

F2

1

10

17

9

6

38

2

10

1

9

1

12 - 15
19

20

8

57

S2

4.064

1.696

3.428

3.845

Generation

Observed Mean

Pinkdeal (P^)

6.316 + 0.463

L92WR-1-1-1 (P2)

8.158 + 0.298

Population

F1
F2

Arithmetic Mean

Arithmetic Mean
Difference

Geometric
Mean

Geometric
Mean Dif.

5.500 + 0.655

7.237 + 1.200

1.737 ± 1.367

7.178

- 1.678

5.105 + 0.259

6.326 + 1.256

1.221 + 1.283

6.234

- 1.129

Heritability = 20.34#

Table XXV. Observed Mean Differences Between Parents and Progenies of Three
Tomato Crosses for Number of Buds and Flowers on Four Counting Dates

Cross and Comparison

Floralou(P1) X PinkdealCPj)
Pi VS. Po
Px vs. F-l
Pi vs. F2
P2 vs. Fi
P2 vs. F2
Floralou(P-) X L92WR-1-1-1(P2)
P., vs. P2
*1
P1
P2
?2

vs*
vs.
vb.
vs.

El
Fz
?1
F2

Pinkdeal( Pt ) X L92WR-1-1-1(P2 )
Pl‘"VS. P2
Pi vs. Fi
Pi vs. F2
P2 vs. Fi
P2 vs. F2

Mean Difference and Significance

1.400
0.733
0.329
0.667
1.729

+ 0.205*
+ 0.188**
+ 0.275ns
+ 0.198**
+ 0.281**

3.344
1.656
1.832
1.688
1.512

1.049
0 845
0.729
0.200
0.316

+
+
+
+
+

0.205**
0.216**
0.366*
0.223ns
0.219ns

3.367 +
1.189- +
1.633 +
2.178 +
1.734 ±

O.4O4**
0.482*
O.465**
0.409**
0.391**

6.200
2.177
1.580
4.023
4.620

0.355
0.778
0.807
0.423
0.452

+
+
+
+
+

0.214ns
0.192**
0.184**
0.192**
0.184**

0.023
0.822
0.235
0.845
0.258

0.326ns
0.364*
0.284ns
0.354*
0 271ns

0.356 + 0.460

ns = not significant
* = significant at 5% level of probability
** = significant at 1% level of probability

+
+
+
+

0.413**
O.423**
0.366**
0.358**
+ 0.278**

+
+
+
+
+

5.844 + 0.543**

3.210 + 0.854**

1.665 + 0.474**

4.152 + 0.734**

4.179 + 0.419**

0.942 + 0.489**

+
+
+
+
+

0.511**
0.642**
0.625*
0.573**
O.56I**

2.212 + 0.420
2.568 + 0.376

1.368
1.276
3.606
0.092
2.238

+
+
+
+
+

0.766ns
0.931ns
0.759**
0.664ns
0.388**

1.842
0.816
1.211
2.658
3.053

+
+
+
+
+

0.551**
0.802ns
0.530**
0.720**
0.394**
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the cross, Floralou (P^) X Pinkdeal (P2^»

presented in Table XXVI.

Observed means of Floralou and Pinkdeal had a difference of 2.489 +
0.371, 'which was highly significant.

The mean of the Fg plants for

number of open flowers was highly significant over each of the
parental means.

Plant distribution showed approximately 20% of the

F2 population had more open flowers than Floralou.
Plant frequency distributions, observed and theoretical means and
an estimate of heritability for number of open flowers on April 16,
1963, for the cross, Floralou (P^) X L92WR-1-1-1 ^ 2 ^* are presented
in Table XXVII.

The difference of 2.356 + O .366 between observed

means for the parents was highly significant in favor of Floralou.
The F^ mean was intermediate to and significantly different from
the parental means.

However, the F2 mean was slightly, but not signif

icantly, larger than the mean of the highest parent, Floralou, and was
significantly higher than the L92WR-1-1-1 mean.

This same close

association between the F^ and Floralou is shown in the plant frequency
distribution.

However, the population of F2 plants was small and very

likely did not show a maximum expression of the trait.

Arithmetic

means and observed means of the F^ and F2 generations were not different.
The geometric means also showed a small difference from the observed
means for these two generations.
Frequency distributions, observed means, and variances of the
parents and the Fg generation for the cross, Pinkdeal (P^) X L92WR-1-1-1
(P2 ), are given In Table XXVIII.

Means of parentB were not significantly

different from each other, and were not significantly different from the
F2 generation mean.

Therefore, it was assumed that no genetic difference

Table XXVI. Plant Frequency Distribution of Parents and F2 Progeny
For Number of Flowers on April 16, 1963, for a Cross,
Floralou (P ) X Pinkdeal (P2)

No. Flowers
Per Plant

Parent or Progeny
P1

P2

F2

0-3

3

15

15

A - 7

24

30

92

8-11

18

70
42

12-15
16

3
45

45

222

Observed X

6.467

3.978

8.009

sX

0-307

0.210

0.226

S2

4.227

1.976

10.890

Population

Heritability = 71.52#

Table XXVII. Plant Frequency Distribution of Parents and F, and F2
Progenies for Number of Open Plovers on April 16, 1963, for a
Cross, Floralou (P^) X L92WR-1-1-1 (P2 )

No. Open
Flowers/Plt.

Parent or Progeny
P1

P2

F1

F2

0-3

3

13

10

2

4-7

24

32

27

28

8-11

18

1

8

14

45

45

45

44

4.227

1.793

4.326

3.920

12-15
Population
S2

Geometric
Mean

Geometric
Mean Dif.

Observed Mean

Floralou (P^)

6.467 + 0.307

L92WR-1-1-1 (P2 )

4.111 + 0.200

F1

5.489 ± 0.312

5.289 + 1.227

0.200 + 1.266

5.156

+ 0.333

F2

6.500 + 0.299

5.389 + 1.354

1.111 + 1.386

5.320

+ 0.118

Heritability = 23.21*

Arithmetic Mean

Arithmetic Mean
Difference

Generation

Table XXVIII.

No. Flowers
Per Plant

Plant Frequency Distribution of Parents and F2 Progeny
For Number of Flowers on April 16, 1963. for a
Cross, Pinkdeal (P ) X L92WR-1-1-1 (P2 )

Parent or Progeny
P1

P2

?2

0-3

15

13

32

4-7

30

31

102

1

3

45

45

138

X

3*976

4.111

4.297

sX

0.210

1.200

0.131

S2

1.976

1.793

2.356

8-11
12-15
Population

Heritability = 19*99*
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existed between parents for the character studied.
Heritability for number of open flowers was 71»52/t in the cross,
Floralou X Pinkdeal.

However, in the crosses, Floralou X L92WR-1-1-1

and Pinkdeal X L92VJR-1-1-1, heritability was 23*21% and 19 *9956, re
spectively.
Flowering habit of parental lines and progenies was studied in
1963 from a standpoint of the differences in cluster development.
The number of clusters which had formed by April 11, 1963* was used
to determine the differences between parents and offsprings for early
cluster development.

Plant frequency distributions of the various

populations for number of clusters and the observed and theoretical
means are presented in Table XXXX for the cross, Floralou (P^) X
Pinkdeal CP2 )•

The observed means for the Floralou and Pinkdeal pop

ulations for number of clusters were 1.800 + 0.060, and 1.200 + 0.057,
respectively.
icant.

The mean difference of 0.600 + 0.085 was highly signif

The observed mean of the F^ population was not different from

that of the Floralou population, however, it was significantly larger
than the mean of the Pinkdeal population.

The observed mean of the

F2 population closely approached the average of the two parental means
and was statistically different from each parental mean.

Plant frequency

distribution in the F^ population showed a skewness toward the Floralou
population distribution.

Approximately 30% of the Floralou and 65$ of

the F^ plants had formed two clusters at the time of counting, while
only 20% of the Pinkdeal plants had formed two clusters.

This plant

distribution in the F^ population and the significant difference between
the F^ and Pinkdeal means indicate partial dominance for higher cluster

Table XXIX. Plant Frequency Distribution of Parents and Fa and Fg
Progenies for Number of Clusters per Plant on April 11, 1963,
For a Cross, Floralou (P^) X Pinkdeal (P2 )

No* Clusters
Per Plant

P1

Parent or Progeny
P2

F1

f2

0
1

9

36

16

107

2

36

9

29

127

45

45

45

224

0.164

0.164

0.234

0.152

Population
S2
Generation

Observed Mean

Floralou (P^)

1.800 + 0.060

Pinkdeal (P2 )

1.200 + 0.060

F1

1.640 + 0.072

1.500 + 0.286

0.140 + 0.294

1.470

- 0.170

F2

1.610 + 0.026

1.570 + 0.631

0.040 + 0.632

1.562

+ 0.048

Arithmetic Mean

Arithmetic Mean
Difference

Geometric
Mean

Geometric
Mean Dif.

i

o

no
numbers.

Distribution in the F2 population showed 575^ of the plants

had formed two clusters.

The observed and arithmetic means of the

were equal, indicating absence of dominance.

Good agreement between

the observed and arithmetic means of the F2 were also obtained.

The

geometric mean difference was also low for both the F^ and F2 popu
lations.

Therefore, the nature of gene action could not be established.

Comparisons of parents and offsprings involved in the cross,
Floralou (P^) X L92WR-1-1-1 (P2 ), are given in Table XXX.

The mean

difference between parents was 0.640 + 0.081 and was highly signifi
cant.

No significant difference was obtained between the means of

Floralou and F^ populations.

However, the mean difference of 0.550 +

0.088 between L92WR-1-1-1 and the F^ population was significant.

The

F2 mean was intermediate to, and significantly different from the
parental means.

It may be noted that the F2 population was considered

too small to provide maximum expression of the trait studied.

Plant

distributions in the F^ and F2 populations were closer to the distribu
tion of the Floralou parent, which indicates partial dominance.

The

occurrence of a significant mean difference between the F^ and
L92WR-1-1-1 lend support to this postulation.

The arithmetic mean

difference was shown to be no different from the observed mean for each
progeny.

Small differences were obtained between geometric and observed

means for these two populations.
As shown in Table XXXI, the mean difference of the parents in the
cross, Pinkdeal (P^) X L92WR-1-1-1 (P2 )» *fas not significant.
the F^ mean was significantly larger than either parental mean.

However,
The

plant distribution of the F^ population showed a skewness toward a

Table XXX. Plant Frequency Distribution of Parents and F* and F2
Progenies for Nvanber of Clusters per Plant on April 11, 1963,
For a Cross, Floralou (Px) X L92WR-1-1-1 (P2)

No. Clusters
Per Plant

P1

Parent or Progeny
p2

F1

p2

0
1

9

38

13

16

2

36

7

32

28

Population

45

45

45

44

O.I64

0.134

0.210

0.283

Generation

Observed Mean

Floralou (P-^)

1.800 + 0.060

L92WR-1-1-1 (P2)

1.160 + 0.055

Fl

1.710 + 0.069

1.480 + 0.273

F2

1.600 + 0.080

1.595 ± 0.299

Heritability = 40.28^

Arithmetic Mean

Geometric
Mean

Geometric
Mean Dif.

0.230 + 0.281

1.444

- 0.266

0.005 ± 0.310

1.572

+ 0.028

Arithmetic Mean
Difference

Table XXXI. Plant Frequency Distribution of Parents and F. and F2
Progenies for Number of Clusters Per Plant on April 11, 1963,
For a Cross, Pinkdeal (P^) X L92WR-1-1-1 (P2 )

No. Clusters
Per Plant

P1

Parent or Progeny
F2

F1

F2

0
1

36

38

27

103

2

9

7

18

35

45

45

45

138

0.164

0.134

0.245

0.191

Population
S2

Arithmetic Mean

Arithmetic Mean
Difference

Geometric
Mean

Geometric
Mean Dif.

Generation

Observed Mean

Pinkdeal (P^)

1.200 + 0.060

L92WR-1-1-1 (P2)

1.160 + 0.055

F1

1.400 + 0.245

1.180 + 0.273

0.220 + 0.367

1.179

- 0.221

F2

1.254 ± 0.037

1.190 + 0.314

0.064 + 0.457

1.280

- 0.026

Heritability = 21.98%
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higher modal mean than either parent, since 40^ of the

plants had

formed two clusters as compared to 20% for Pinkdeal, and 15/6 for
L92WR-1-1-1.

Although the F2 mean was slightly higher than the mean

of either parent, it was not significantly different from parental
means.

No difference was obtained between observed and arithmetic

means for either the F^ or Fg generations.

Small differences between

observed and geometric means for these two generations were also ob
tained.

Mean differences between parents and progenies are given in

Table XXXII.
Heritability for number of clusters per plant waB low in each of
the three crosses.
Inheritance of early ripening of tomato fruits was studied in the
fall of 1962 and in the springs of 1963 and 1964-

Mean differences

between parents and progenies for the three Beasons are presented in
Table XXXXII.
In the fall of 1962, the number of ripe fruit that was produced
by October 15, 1962, was used as the measurement of early production.
Frequency distribution and observed and theoretical means of the
parents and progenies for the cross, Floralou (P^) X Pinkdeal
are given in Table XXXIII.

Although the mean difference between

parents was not significant, the mean of Floralou was considerably
larger than that of Pinkdeal.

The observed mean number of ripe fruit

for the F^ population was significantly larger than that of either
parent.

A similar significant difference was shown between the F2 mean

And the mean of each parent.

A comparison of the observed and arith

metic means of the F^ generation showed a difference of 1.677 + 0.828,

TABLE XXXII. Observed Mean Differences Between Parents and
Progenies for Number of Flower Clusters on April 11, 1963,
and for Number of Open Flowers on April 16, 1963

Cross and Comparison

Mean Difference anfl Significance
No. Clusters on
No. Open Flowers on
Aoril 11. 1963
April 16. 1963

Floralou(P1) X Pinkdeal(P2 )
P1 vs* P2

0.600 + 0.085**

P^ vs.

0.160 + 0.094ns

P^ vs. F2

0.190 + 0.060**

P2 vs. F^

0.440 + 0.094**

P2 vs. F2

0.410 + 0.066**

2.489 + 0.371**

1.542 + 0.381**

4.031 ± 0.309**

FloralouCP]^) X L92WR-1-1-1(P2 )
0.081**

2.356 + 0.366*

Pj vs. F

0.090 + 0,091ns

0.978 + 0.43&*

P1 vs’ P2

0.200 + 0,100*

0.033 ± 0.429ns

P2 vs. F^

0.500 + 0.088**

1.378 + 0.371**

P2 vs* F2

0.110 + 0.105ns

2.389 ± 0.360**

P1 TO- P2

0.640

Pinkdeal(P^) X L92WR-1-1-1(P2 )
P-[_ vs. P2

0.040 + 0.081ns

P^ vs. F^

0.200 + 0.095*

P-^ vs. F2

0.054 + 0.070ns

P2 vs* F1

0.240 + 0.092**

P2 vs. F2

0.094 + 0.066ns

ns = not significant
* = significant at 5% level of probability
** = significant at 1% level of probability

0.133 + 0.290ns

0.319 ± 0.248ns

0.186 + 0.239ns

Table XXXIII. Plant Frequency Distribution of Parents and F and F2
Progenies for Number of Ripe Fruit on October 15, 1962, for a
Cross, Floralou (P^) X Pinkdeal (P2)

No. Ripe Fruit
Per Plant

P1

0
1
2
3
4
5
6
7
8"
Population
S2

6
5
4
1
1

17
1.404

16
5
2

24
0.955

p2

F1
8
2
4
5
4
2

2
26
24
11
6
3
3

1
28
4.924

75
1.910

Arithmetic Mean

Arithmetic Mean
Difference

Geometric
Mean

2.536 + 0.419

0.859 + 0.714

1.677 + 0.828

0.798

+ 1.738

2.187 + 0.160

1.698 + 1.142

0.489 + 1.153

1.632

+ 0.555

Generation

Observed Mean

Floralou (P^)

1.176 + 0.287

Pinkdeal (P2 )

0.542 + 0.199

f2

Parent or Progeny
P2

Heritability = 38.22*

Geometric
Mean Dif.
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while the difference of the geometric mean from the observed mean was
+ 1.738*

The arithmetic and observed means of the F2 generation were

within the limits of experimental error.

The geometric mean difference

of the F2 was not as large as that of the F-^ generation.

The estimate

of heritability was 38.2256, while variance in the homogeneous popula
tions was considered high.
In the spring of 1963, the number of ripe fruit produced by May 21
was used to study earliness.

As shown in Table XXXIV, observed means

of Floralou and Pinkdeal were not different.

The difference between

Floralou and F^ means was 0.489 + 0.197, which was significant.

The

F2 mean for number of ripe fruit was comparable to those of the parents.
The expected arithmetic means of the F^ and F2 generations were compar
able to their respective observed means.

Plant frequency distribution,

in the F^ and F2 populations show a modal mean toward higher fruit
numbers than either parent.
In 1964, the F^ population was eliminated by hail.

However, plant

distribution and observed means and variances are presented in Table
XXXV for the parents and the F2 population in regard to number of ripe
fruit produced by June 12, 1964*
was not significant.

The mean difference between parents

However, a significant mean difference of 0.739

+ 0.325 was obtained between the F2 population and Pinkdeal.
Fruiting data for the cross, Floralou (P^) X L92WR-1-1-1 (P2 ),
from the 1962 season are presented in Table XXXVI.

The mean difference

between Floralou and L92WR-1-1-1 of 0.301 + 0.406 was not significant.
However, the mean difference between the F^ and Floralou, 2.604 + 1.130,
was highly significant.

A highly significant mean difference of

Table XXXIV. Plant Frequency Distribution of Parents and F and F2
Progenies for Number of Ripe Fruit on May 21, 1963, for a 1Cross,
Floralou (P^) X Pinkdeal (P2)

No. Ripe
Fruits

Parent or Progeny
p2

P1

0
1
2
3
4

21
15
7
2

Population
s2

45
0.773

Generation

Observed Mean

Floralou (P^)

0.778 + 0.131

Pinkdeal (P2)

1.000 + 0.149

F1
F2

'

r1

F2

16
IB
7
3
1

12
13
17
2
1

97
66
46
14
2

45
1.000

45
0.976

225
0.962
Geometric
Mean

Arithmetic Mean

Arithmetic Mean
Difference

1.267 + 0.147

0.889 ± 0.666

0.378 + 0.405

0.882

+ 0.385

0.924 + 0.021

1.078 + 0.683

0.154 + 0.683

1.045

- 0.121

Heritability = 4-78^

Geometric
Mean Dif.

Table XXXV. Plant Frequency Distribution of Parents and F2 Progeny
For Number of Ripe Fruit on June 12, 1964. for a Cross,
Floralou (P^) X Pinkdeal (P2)

No. Ripe Fruit
Per Plant

Parent or Progeny
P1

P2

F2

0-3

9

6

25

4-7

9

11

104

8-11

1

2

29

19

19

158

X

4.895

4.789

5-528

sX

0.471

0.266

0.186

S2

4.223

1.339

5.658

Population

Table XXXVI. Plant Frequency Distribution of Parents and
and F2
Progenies for Number of Ripe Fruit on October 15, 1962, from a
Cross, Floralou ( P ^ X L92WR-1-1-1 (P2)

No. Ripe Fruit
Per Plant

P1

0
1
2
3
4
5
6
7
8
9
Population
S2

Parent or Progeny
P2

6
5
4
1
1

8
4
3

17
I.404

16
1.317

Generation

Observed Mean

Floralou (P^)

1.176 + 0.287

L92WR-1-1-1 (P2)

0.875 + 0.287

*1
f2

F1

46
46
27
18
19
11
8
3
1

4
9
5
5
9
8
5
3

1

2
50
5.970

179
3.719
Geometric
Mean

Geometric
Mean Dif.

2.754 ± 2.100

1.014

+ 2.766

0.381 + 1.343

1.512

+ 0.510

Arithmetic Mean

Arithmetic Mean
Difference

3.780 + 1.093

1.026' + 0.824

2.022 + 0.144

2.403 + 1.336

Heritability = 36.60/£

P2
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2.905 + 1.130 was obtained between the

and L92WR-1-1-1.

Mean differ

ences were significant in favor of the F^ when it was compared with each
of the parents.

The plant distributions of both the F^ and F2 popula

tions showed a number of plants with higher fruit counts than any plants
of either parent.

The arithmetic means of the F^ and F2 generations

were not different from their respective observed means.

However, both

the arithmetic and the geometric mean differences of F^ were quite high.
A larger variance component was obtained for this generation than for
either of the parental population.

Heritability was estimated at

36. 60£.
Fruiting data for the spring of 1963 are presented in Table XXXVII.
The observed mean difference of 0.422 + 0.213 between Floralou and
L92WR-1-1-1 closely approaches significance in favor of L92WR-1-1-1.
The F^ mean for number of ripe fruit on May 21 was significantly higher
than that of either parent, while the F2 mean was significantly higher
than that of Floralou.

Both the arithmetic and the geometric means of

the Fi are lower than the observed mean.

The F^ population had more

plants distributed in the higher number of ripe fruit class than either
parent.

The estimate of heritability was 18.225&.

Plant frequency distribution, observed and theoretical means, and
an estimate of heritability for the number of ripe fruit on June 12,
1964( are presented in Table XXXVIII.

The mean difference between

Floralou and L92WR-1-1-1 of 2.421 + 0.645 was highly significant.

The

observed mean of the Fi population appeared to be intermediate to the
parents.

However, it was shown to be significantly larger than the

Floralou mean, and was not statistically different from the L92WR-1-1-1

Table XXXVII. Plant Frequency Distribution of Parents and F, and F2
Progenies for Number of Ripe Fruit on Hay 21, 1963, for a Cross,
Floralou (P ) X L92WR-1-1-1 (P2 )

Parent or Progeny

0
1
2
3
4
5
6
7
Population
S2
Generation

P1

P2

F1

F2

21
15
7
2

14
17
6
7
1

10
4
14
8
8
1

23
19
15
12
6

45
0.773

45
1.272

45
2.102

75
1.690

Observed Mean

1

Arithmetic Mean

Arithmetic Mean
Difference

Geometric
Mean

Geometric
Mean Dif.

Floralou (P^)

0.778 + 0.131

L92WR-1-1-1 (P2)

1.200 + 0.168

Fl

2.067 + 0.216

0.989 + 0.714

1.078 + 0.745

0.966

+ 1.101

f2

1.453 + 0.150

1.528 + 0.884

0.075 + 0.897

1.973

_ 0.520

Heritability = 18.22*

1ZI

No. Ripe Fruit
Per Plant

Table XXXVIII* Plant Frequency Distribution of Parents and F and F_
Progenies for Nixnber of Ripe Fruit on June 12, 1964, for a St o s s ,
Floralou (Px ) X L92WR-1-1-1 (P2 )

No. Ripe Fruit
Per Plant

P
1

*2

9

1

1

21

4-7

9

12

8

42

8-11

1

5

6

25

2

1

5

19

20

16

103

4*223

3*673

6*563

8.765

Population
S2
Generation

Observed Mean

Floralou (P^)

4*895 + 0*471

L92WR-1-1-1 (P2)

7*316 + 0*441

Arithmetic Miean

Arithmetic Mean
Difference

7.188 + 0.640

6.105 + 1*405

1.083 + 1.544

5*984

+ 1.204

6.110 ± 0.296

6.647 ± 1*621

0.537 + 1.647

5*916

+ 0.194

Heritability = 45*015?

Geometric
Mean

Geometric
Mean Dif.
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*2

F1

0-3

12-13

F1

Parent or Progeny
P2
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mean.

The F2 mean was significantly smaller than the L92WR-1-1-1 mean

and was no different from the mean of Floralou.

Plant frequency dis

tribution showed some plants of both the F^ and F2 populations to
exceed the higher producing Floralou plants in number of fruit.

The

arithmetic means of both the F^ and F2 generations were similar to the
observed means.

The geometric mean differences of the F^ and F2 were

+ 1.204 and + 0.194, respectively.
Plant frequency distribution, observed and expected means, and an
estimate of heritability for number of ripe fruit on October 15, 1962,
from the croBS, Pinkdeal (P^) X L92WR-1-1-1 (P2 ), ar© given in Table
XXXIX.
The mean difference between parents was not significant.

However,

means of both the F^ and F2 populations were significantly higher than
that for either parent.

The arithmetic mean of the F^ generation was

smaller than the observed mean, however, the mean difference was not
significant.

The arithmetic mean of the F2 generation waB not signif

icantly different from the observed mean.

Geometric mean differences

were high for both the F^ and F2 generations.
Fruiting data collected on May 21, 1963, for the Pinkdeal X
L92WR-1-1-1 cross, are presented in Table XXXXV
parents were not different.

Observed means of the

The F^ population mean was not signifi

cantly different from either parent.

However, the mean of the F2

population was significantly smaller than the mean of each of the other
three populations.

The arithmetic mean of the F2 was significantly

smaller than the observed mean.
high for the F2 generation.

The geometric mean difference was also

Table XXXIX. Plant Frequency Distribution of Parents and F and F2
Progenies for Number of Ripe Fruit on October 15, 1962, for a
Cross, Pinkdeal (Px) X L92WR-1-1-1 (P2)

No. Ripe Fruit
Per Plant

Parent or Progeny
P1

f2

F1

0
1
2

16
5
2

8
4
3

4
5
6
7
8:
Population
S2

1

1

8
8
8
3
2
1
1

24
0.955

16
1.317

Generation

Observed Mean

Pinkdeal (P^)

0.542 + 0.199

L92WR-1-1-1 (P2)

0.875 ± 0.287

F1
F2

F2

26
7
4
5

1
32
3.597

42
1.136
Geometric
Mean

Geometric
Mean Dif.

Arithmetic Mean

Arithmetic Mean
Difference

1.875 ± 0.335

0.709 + 0.753

1.166 + 0.824

0.689

+ 1.186

1.714 + O.I64

1.292 + 1.087

0.422 + 1.100

0.605

+ 1.109

K

Table XXXX. Plant Frequency Distribution of Parents and Fj and:' F2
Progenies for Number of Ripe Fruit on May 21, 1963, for a dross,
Pinkdeal (P ) X L92WR-1-1-1 (P2 )

No. Ripe Fruit
Per Plant

0
1
2
3
4
5
6
7
8
Population

Parent or Progeny
P1

P2

F1

F2

16
18
7
3
1

14
17
6
7
1

11
18
10
6

85
27
23
2
1

45
1*000

45
1.272

45
0.976

138
0.759

Generation

Observed Mean

Arithmetic Mean

Arithmetic Mean
Geometric
Geometric
Difference________ Mean_____ Mean Dif.

Pinkdeal (P-^

1.000 + 0.149

L92WR-1-1-1 (P2 )

1.200 + 0.168

P1

1.244 + 0.147

1.100 + 0.754

0.144 +:0.333

1.095

0.149

f2

0.601 + 0.074

1.172 + 0.826

0.571 + 0.247

1.167

-0.566

e

vn
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Fruiting data for June 12, 1964, are presented in Table XXXXI.
A highly significant mean difference of 2.527 + 0.515 for number of
ripe fruit was obtained between the means of parents in favor of
L92WR-1-1-1.

The observed mean of Pinkdeal was not significantly

different from either the

or F2 mean.

The mean of the L92WR-1-1-1

population was significantly greater than that of either the F^ or F2
population.

Heritability was estimated at 45*26/6.

Correlation coefficients were calculated for the 1963 and 1964
seasons to determine the degree of association between number of
flowers and number of ripe fruits.

Since flower and fruit counts

were made on an individual plant basis, it was possible to study the
association of the two variables, number of flowers and number of ripe
fruit, on a single plant basis.

Total correlations for the two vari

ables were calculated, and the r values obtained are presented in
Table XXXXIII.
For the 1963 season, it is shown that in general, the r values
obtained between the April 5 flower count and the ripe fruit count of
May 21 were highly significant.

However, the r values obtained for

Floralou and for the F^ of Floralou X Pinkdeal were not significant
and were of very low magnitude.

The magnitudes of the other r values

between these two variables, number of flowers versus number of ripe
fruit, ranged from +.2269 to +.$009.

At least 45 pairs of relations

were used in the calculation of each correlation coefficient.
When the r values for the variables, number of flowers on April 11,
1963» versus number of ripe fruit on May 21, 1963* for parents, F^ and
F2 progenies, were tested for significance, only three correlation

Table XXXXI. Plant Frequency Distribution of Parents and F and F2
Progenies for Number of Ripe Fruit on June 12, 1964, for a Cross,
Pinkdeal ( P ^ X L92WR-1-1-1 (P2 )

No. Ripe Fruit
Per Plant

Parent or Progeny
P1

P2

Fi

F2

0-3

6

1

2

16

4-7

11

12

6

17

2

5

8-11

2

12-13
Population
S2

19

20

1.339

3.673

Generation

Observed Mean

Pinkdeal (P^)

4.789 + 0.266

L92WR-1-1-1 (P2 )

7.316 + 0.441

F1

4.625 + 0.680
4.706 + 0.395

f2

1

Heritability = 45*26%

8

34

3.700

5.305

Arithmetic Mean
Difference

Geometric
Hean

6.053 ± 1.H9

1.428 + 1.310

5.919

- 1.294

5.339 ± 1.245

0.633 + 1.306

5.152

— 0.446

Arithmetic Mean

Geometric
Mean Dif.
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Table XXXXII. Mean Differences Between Parents and Progenies
of Three Tomato Crosses for Number of Ripe Fruit on Three Harvest Dates

Cross and Comparison

Mean Difference and Significance
October 15. 1962
Mar 21. 1963
June 12. 1964

Floralou X Pinkdeal
(Pi)
(P2 )
P^ vs. P2

0.634 + 0.349ns

0.222 + 0.198ns

P^ vs. Fj^

1.360 + 0.508*

0.48 + 0.197 **

Px vs. F2

1.011 + 0.328**

0.146 + 0.133ns

P2 vs. F1

1.994 + 0 .464**

0.267 + 0.209ns

P2 vs. F2

1.645 + 0.248**

0.076 + 0.150ns

0.739 + 0.325*

Floralou X L92WR-1-1-1
(p i )
(P2 )
P-L vs. P2

0.301 + 0.406ns

0.422 + 0.213*

2.421 + 0.645**

P-L vs. F^

2.604 + 1.130*

1.289 + 0.253**

2.293 + 0.794**

P^ vs. F2

0.846 + 0.321**

0.675 + 0.199

1.215 + 0.556**

2.905 + 1.130*

0.867 + 0.274**

0.128 + 0.777ns

P2 vs* F2

1.147 + 0.321**

0.253 + 0.225ns

1.2-6 + 0.531**

Pinkdeal X L92WR-1-1-1
(P2)
pi vi. p 2

0.333 + 0.349ns

0.200 + 0.224ns

2.527 + 0.515**

P]_ vs. F^

1.333 + 0.390**

0.244 + 0.209ns

O.I64 ± 0.730ns

P^ vs. F2

1.172 + 0.258**

0.399 + 0.166*

0.083 ± 0.476ns

P2 vs. F1

1.000 + 0.441*

0.599 + 0.184**

2.691 + 0.810**

P2 vs. F2

0.839 + 0.331*

0.643 + 0.164**

0.081 + 0.786ns

E2 v s

.

Fx

ns * not significant
* = significant at 5% level of probability
** — significant at 1% level of probability

0.106 + 0.541

0.633 ± 0.506ns
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Table XXXXIII. Total Correlations for Number of Flowers on
Three Counting Dates versus Number of Ripe Fruit on May 21, 1963

Date of
Flower Count

Parent or Progeny

Correlation Coefficient

No. Buds and Flowers vs. No. Ripe Fruit
Floralou
Pinkdeal
L92WR-1-1-1
Floralou X Pinkdeal (F.)
Floralou X L92WR-1-1-1J-(F1)
Pinkdeal X L92WR-1-1-1 (F )
Floralou X Pinkdeal (F2 )
Floralou X L92WR-1-1-1 (F2 )
Pinkdeal X L92WR-1-1-1 (F2 )

+
+
+
+
+
+
+
+
+

.1669
.4719
.3984
.0539
.4938
.4034
.2269
.5007
.2300

ns
**
**
ns
**

April 11, 1963

Floralou
Pinkdeal
L92WR-1-1-1
Floralou X Pinkdeal (F-,)
Floralou X L92WR-1-1-1 (F,)
Pinkdeal X L92WR-1-1-1 (FiT)
Floralou X Pinkdeal (F2 ) 1
Floralou X L92WR-1-1-1 (F? )
Pinkdeal X L92WR-1-1-1 (F2)

+
+
+
+
+
+
+

.2452
.3846
.0856
.0105
.3090
.2233
.2258
.1938
.0931

ns
*
ns
ns
*
ns
**
ns
ns

April 16, 1963

Floralou
Pinkdeal
L92WR-1-1-1
Floralou X L92WR-1-1-1 (F )
Floralou X Pinkdeal (F2 )
Floralou X L92WR-1-1-1 (F2 )
Pinkdeal X L92WR-1-1-1 (F2)

+
+
+
+
+

.1761
.1547
.0101
.3288
.2371
.2502
.0588

ns
ns
ns
**
**
ns
ns

.3772
.6141
.3457
.6735
.2685
.4722
.1254

*
**
*
**
**
**
ns

April 5, 1963

**
**
**

No. Open Flowers vs. No. Ripe Fruit
April 16, 1963

Floralou
Pinkdeal
L92WR-1-1-1
Floralou X L92WR-1-1-1 (F-.)
Floralou X Pinkdeal (F2 )
Floralou X L92WR-1-1-1 (F2 )
Pinkdeal X L92WR-1-1-1 (F?)

ns — not significant
* = significant @ 5% level of probability
** = significant @ 1% level of probability

+
+
+
+
+
+
+
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coefficients showed a significant relationship.

The magnitude of each

of these three correlation coefficients was small, the highest being
+ .3846.
The number of buds and flowers per plant on April 16, 1963* was
shown, as determined by significance of r values, to be associated
with the number of ripe fruit on May 21, 1963, only on two occasions.
These cases were in the Floralou X L92WR-1-1-1 F^ population and in
the Floralou X Pinkdeal F2 population.
Correlation coefficients obtained to study the relationship of the
number of open flowers per plant on April 16, 1963, and the number of
ripe fruit per plant on May 21, 1963, were either significant or highly
significant, except in the case of the Fg progeny of the Pinkdeal X
L92WR-1-1-1 cross.

The magnitude of the significant and highly signif

icant r values ranged from + .2685 to + .6735*
The number of buds and flowers per plant on April 20, 1964, and
the number of ripe fruit produced on June 12, 1964, were studied to
determine the degree of correlation between these two variables.
(Table XXXXIV)

Correlation coefficients obtained for these variables

in the inbred lines, Pinkdeal and L92WR-1-1-1, were not significant.
However, significant or highly significant r values were obtained in
each of the other populations.
ranged from +.230 to +.625*

The magnitude of the significant r values
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Table XXXXIV. Total Correlations for Number of Buds and
Flowers on April 20, 1964 versus Number of
Ripe Fi*uit on June 12, 1964

Parent or Progeny

Correlation Coefficient

Floralou

0.625 **

Pinkdeal

0.173 ns

L92WR-1-1-1

0.243 ns

Floralou X L92WR-1-1-1 ('F )

0.549 **

Floralou X Pinkdeal (F2 )

0.330 **

Floralou X L92WR-1-1-1 (F2 )

0.230 *

Pinkdeal X L92WR-1-1-1 (F2 )

0.381 *

ns = not significant
* = significant @ 5% level of probability
** = significant @i \% level of probability

DISCUSSION OF RESULTS

Fhotoperiod Studies
Results of photoperiod studies in I960 and 1961 showed that, -in
general, tomato plants showed a significant increase in plant height
when the photoperiod was increased from 10 to 16 hours.

These

responses agreed with those obtained by Murneek (137) and various other
workeror (96,168,212,216).

Longer photoperiods were also shown in I960

to be responsible for increased cluster development per plant.

These

results do not necessarily agree with those of Murneek (134,137)Wittwer (212) quoted Hillman as concluding that the tomato was complete
ly day-length indifferent in respect to flowering, and Piringer (149)
also found the tomato to be day-neutral in regard to flowering.
Leopold and Lam (98) reported similar results.

However, several other

workers have shown the tomato to be photoperiod-sensitive for flowering,
as well as for vegetative growth (13,28,96,168).
Studies in 1961 showed the tomato flowered and fruited earlier
when exposed to a short day-length (10 hours), as compared to the long
day-length of 13 and 16 hours.

When compared as an average of all

varieties, the 10 hour photoperiod caused earlier anthesis of flowers
on the first cluster than either the 13 or 16 hour photoperiod.

This

significant response of varieties to the shorter day-length for early
anthesis was also shown for early fruit production.

These results

agree with those obtained by Wittwer (212).
Certain varieties responded differently to photoperiod treatments.
Red Global plants showed no earliness in flowering due to photoperiod
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effects, but did show an increase in growth at the 16 hour photoperiod.
Moreton Hybrid and Homestead 24 plants were significantly earlier when
grown under the 10 and 16 hour day-lengths than when grown under the
13 hour day-length.

Cavalier and Rutgers plants were significantly

earlier when grown under the 10 hour photoperiod than when grown
under the 13 and 16 hour photoperiods.

Plants of Cavalier, a determi

nate type, did not respond vegetatively to the different photoperiods.

Cultural Studies
Certain cultural practices were shown to increase the number of
early fruit.

As shown in Table IV, Duraset 20w (n-m-tolylphthalamic

acid), when applied as a whole plant spray at the time when the first
cluster was forming, brought about an increase in the number of early
fruit.

Similar results have been obtained by other workers (25,47,95,

126,190,197,216).

Wittwer and Teubner (216) pointed out the importance

of time of application since the chemical acts as a stimulus to increase
flower numbers rather than as a fruit setting substance.
ed in Table IV verify these findings.

Results report

Duraset 20w had no beneficial

effect when applied after fruit had set.
The use of row mulches of either paper or polyethylene has been
shown to increase early production of many crops (35,40,115,116,202).
In general, the earliness obtained was considered to be the results of
increased soil temperature and conservation of soil moisture (23,41*64,
176,180,193)-

As shown in Table IV, the use of a clear plastic row

mulch increased the number of early fruits when compared to clean cul
tivation.

When black polyethylene was used as a mulch and compared to
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clean cultivation, the overall response was one of no benefit.
(Table IV, V, and VI)

However, certain varieties were shown to pro

duce higher numbers of fruits when grown under mulched conditions,
while Homestead 24 performed better under clean cultivated conditions.
These results indicate that certain varieties are more sensitive to
the fluctuating soil moisture and temperature conditions of clean cul
tivation than others, and perform better under the more uniform
conditions provided by the mulch.
As shown in Table IV, the use of starter solutions did not signif
icantly increase early yields over the check treatment.

However,

moving plants to the field in peat pots resulted in little or no root
damage during the transplanting.

Where bare-rooted transplants were

used, these highly soluble nutrient solutions showed definite advan
tages (9,79,159*172).

Babb (6) found the use of nitrogen or a

complete nutrient solution on seedlings reduced subsequent production
of early yields.
Calvert (15), Lewis (101), Wittwer (211), and Wittwer and Teubner
(217), reported that exposure of young tomato plants, or seedlings, to
low temperatures increased the number of flowers on the first cluster,
which resulted in higher early yields.

Results presented in Tables

VII and VIII were similar to those reported by these workers.

Plants

exposed to the 50*-55° F. night temperature and to the 70° F. contin
uous temperature produced earlier yields than plants exposed to night
temperatures of 35°, 40°, 60°, 70°, and 80" F.

Since it is well known

that tomatoes are very susceptible to low temperature, the reduced
yields obtained with the 35° and 40° F. eaqaosure treatments may be
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explained as being due to chilling injury.

Low yields resulting from

exposure to high night temperatures were considered to be due to a
higher rate of respiration and the subsequent spindly type growth
brought about by these temperatures.

Wittwer and Teubner (216) ex

plained that the period of two to three weeks following expansion of
cotyledons is the critical period in which the flowers of the first
cluster are formed.

At this time, flower numbers are directly affected

by temperature, light, and other factors.
Leaf pruning prior to transplanting was shown to be detrimental
to production of early fruit (Table VIII).

The reduction in yield

was proportional to the amount of foliage removed from the plants.
Knott (83) reported similar results from leaf pruning.

Wittwer and

Teubner (216) stressed the importance of these early leaves in regard
to early fruiting.
Increased plant populations, as shown in Table IX, did not promote
increased early yields when compared to the check treatment of a single
plant spaced at 24 inches on rows four feet wide.

Plants grown at

close spacings of 6 and 12 inches in some treatments were not pruned
or staked.

An excessive amount of fruit decay occurred on these plants

since fruits were ripened on or near the ground under a dense mat of
foliage which provided a humid, poorly ventilated condition.

Sayre (174)

and Vittum and Tapley (195,196) have reported that as plant populations
increased,yields per plant decreased.

Sayre also found the dense

foliage of closer spacings to be a problem, especially during seasons
of abundant rainfall.

Benefits from pruning have been reported by

several other workers (36,67,78).

136

Plants topped after the development of four clusters showed no
increase in early yields over normally pruned and staked plants (Tables
IV and IX).

Edmond (36) reported an increase in number of flowers and

fruits per cluster and In percent fruit set and size of fruit resulted
from topping and pruning of plants.
Pruning plants to two stems had no effect on early yield (Table IX).
The potential of two terminals producing flowers and fruits appeared
to be offset by less vigorous plant growth.

Genetic Studies
As shown in Table X# results of the replicated test comparing F^
tomato hybrids and their parents for early flowering and fruiting
showed that, in general, the F^’s were intermediate to the parents.
These results agree with those obtained by Larson and Currence (91).
However, on the April 10, 1962, counting date, four of the F^^ hybrids
produced lower flower numbers than either parent.

Three of these

hybrids had Pinkdeal as one of the parents, which would indicate poor
combining ability for earliness by that parent.

The April 13 count,

however, showed no significant difference between the parents and F^
hybrids involving Pinkdeal.
Only on one occasion was there an indication of heterosis where
the F^ hybrid performed better than either parent.

This F^, Floralou

X Pinkdeal, produced significantly more U.S. #1 fruits than either
parent for the June 6, 1962 count.

For all grades of fruit, it was

significantly higher in production than Pinkdeal and approached signif
icance over Floralou.

These results are like those reported by numerous

other investigators (7,11,12,20,53,5A,89,112,121,152,155,166,198,199).
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Hood (67) reported that F^ tomato hybrids required a longer time to
ripen than either parent.

No such case was shown in this study.

A variety test conducted in 1963 and reported in Tables XI and
XII, served as a method of studying the flowering and fruiting develop
ment of lines which were known to differ in earliness.

This test

illustrated that the earliest flowering varieties also produced the
earliest yields.
Earliness in the tomato has been classified by a number of
workers as a quantitative character (8,24,30,154,155,156,273).

It has

also been reported that early flowering generally indicates early
fruiting (12,26,222,223,156).

Earliness was reported by Currence (30),

and Larson and Currence (91) to be intermediately inherited with a
tendency toward the maturity of the early parent.
(45) reported earliness to show partial dominance.

Fogle and Currence
Powers, Locke,

and Garrett (155) reported earliness to show complete dominance.
Earliness of flowering, as measured by the number of flowers pro
duced by certain dates, was shown to be intermediately inherited.
Tendencies toward partial dominance, and some cases of transgressive
inheritance were shown.

However, the consistent agreement of the arith

metic and observed means indicated absence of dominance.

When the

number of open flowers produced on a given date was used as a criterion
for measuring earliness, partial to overdominance was indicated by both
the observed means and plant distribution.

However, the arithmetic

mean differences of the F^ and Fg generations were not significant.
Therefore, absence of dominance and transgressive inheritance was
indicated.

138
The use of number of clusters as a measurement of early flowering
indicated partial dominance toward the parent with the highest number
of clusters when the observed means of the parents were compared with
the F

mean.

However, the F2 mean was intermediate to that of the

parents which indicated absence of dominance.

A close association

between the observed and arithmetic means indicated absence of dominance.
The high variance obtained in the homogeneous populations, and the low
estimates of heritability showed that environment had a strong influ
ence on the expression of early flowering.
Early fruiting, as measured by number of ripe fruits on certain
dates, showed partial dominance and transgressive inheritance.

In

certain combinations where parents showed no difference in number of
fruits for a particular date, the F^ and F2 means were significantly
larger than the mean of either parent.

In all instances, the F^ mean

was significantly larger than the mean of the lower parent, regardless
of the significance of mean differences between parents.

Plant fre

quency distributions, in many cases, showed plants of the F-^ or F2
population to exceed the range of either parent in production of early
fruit.
The influence of environment on expression of early fruiting was
shown to be high by the low estimate of heritability and the high
variance obtained within parental and F^ populations.
Total correlations calculated to determine the degree of associa
tion between early flowering and early fruiting showed varying results.
The very earliest bud and flower count (April 5) in 1963» was an index
of earliness as shown by the significant association with early fruits.
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However, the count of open flowerB on April 11 showed the most con
sistent association with early fruiting and was the best index of
earliness.

The influence of environment upon each of the traits was

believed to have affected the magnitude of correlation coefficients.

SUMMARY AND CONCLUSIONS

Experiments were conducted over a period of four years to deter
mine the influence of photoperiod and certain cultural practices on
the expression of earliness in the tomato.
of this trait was also studied.

The mode of inheritance

Earliness has been shown previously

to be a quantitatively inherited character, and its expression is
subject to factors other than genetic.

Photoperiod Studies
The results of this study showed that the tomato was sensitive to
photoperiod in the following ways:
1.

Plant growth, as measured by height of plant, was increased

as the photoperiod was lengthened.
2.

Plants of certain varieties were more responsive in growth

to photoperiod than plants of other varieties.

Four of the five

varieties tested showed increased height under the long photoperiod
of 16 hours.

Cavalier, a determinate plant type, did not respond to

photoperiod in this respect.
3.

Increased cluster numbers were obtained when plants were ex

posed to the 16 hour photoperiod.
4.

Earlier flowering and fruiting of the tomato varieties were

obtained under the short day-length of 10 hours than under the long
day-length of 16 hours.

Cultural Studies
Certain cultural practices were shown to enhance earliness of the
140
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tomato, while others were shown to have no effect on earliness.
1.

Duraset 20w (n-m-tolylphthalamic acid) significantly increased

the number of eArly ripe fruit when it was applied as a whole plant
spray during the time of formation of the first cluster.

When applied

after fruit set, this chemical was ineffective.
2.

Highly soluble fertilizers applied in water solutions either

at the time of transplanting or when each cluster set fruit, did not
increase early yield.
3.

Polyethylene mulches were generally ineffective for increasing

early production.

However, plants of certain varieties produced sig

nificantly higher yields when grown under mulched conditions.
4»

When tomato plants were exposed to different temperature

regimes during the time between cotyledon expansion and transplanting
to the field, significant differences in early flowering and early
yield of fruit were obtained.

Very low night temperatures, 35° and

40®TV, in combination with a high day temperature of 80°-85°F'», caused
significant reductions in yield.
80° F. in combination

High night temperatures of 70° and

with Ih'igh day

similar yield reductions.

temperatures of 80°-85°F. gave

However, either a continuous day and night

temperature of 70° F. or a night temperature of 50°-55° F. in combina
tion with a day temperature of 80°-85° F. increased yields of early
fruit.

A highly significant correlation coefficient (+.848) was ob

tained between early flower and early fruit numbers.
5*

Leaf pruning prior to transplanting tomato seedlings to the

field caused a reduction in yield.
6.

Plant spacings closer than 24 inches within the row gave no
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added early yield.
7.

Very close spacings caused excessive fruit decay.

Removal of terminal stem of tomato plants after four clusters

had formed was not beneficial for promoting earliness.
8.

Pruning tomato plants to two stems, as compared to a single

stem, did not increase early production.

Genetic Studies
Comparisons of

tomato hybrids and parents for early flowering

and fruiting gave the following results:
1.

Early flowering of F^ hybrids, as determined by the number of

flowers on two dates of counting, was intermediate to the parents.
2.

Early fruiting of F^ hybrids, as determined by the number of

fruits produced by a certain date, was intermediate to that of the
parents.
3.

A highly significant correlation coefficient (+.469) indicated

a positive association existed between number of early flowers and
number of early fruit.
A replicated variety test showed that:
1.

Varieties differed significantly in early flower development

and in early production of fruit.
2.

Those varieties which produced the highest number of flowers

also produced the highest number of early fruits.
Inheritance studies of early flowering gave the following results:
1.

Observed means of parents were significantly different.

2.

Arithmetic and observed means of F^ and F2 generations were in

agreement within the limits of experimental error, which indicated
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additive gene action and absence of dominance.
3*

Plant distribution in the

and F2 generations generally

showed an intermediate response to the parents.
4.

Certain instances of transgressive inheritance were suggested

where F^ and/or F2 means and plant distribution exceeded that of either
parent.
5.

High variance within the homogeneous populations of the

parents and F-^’s and the low estimates of heritability indicated a
strong influence from environment on early flowering.
Inheritance of early fruiting was studied with the following
results:
1.

Significant arithmetic mean differences and the consistent

significance of the F^ mean over that of at least one of the parents
suggested partial dominance.
2.

Transgressive inheritance was indicated where arithmetic

mean differences of F^ and F2 generations were not significant but
observed means of these progenies exceeded those of either parent.
3.

Plant

often exceeded

distribution showed plants in the F^ and F2 populations
the range of either parent in production of early fruit.

This indicated transgressive inheritance.
4.

High variance components within the parent and F^ populations

and the low estimates of heritability showed that environment had a
strong influence on the expression of the character studied.
5.

Total

correlations between early flowering and early fruit,

although highly significant

in many cases, were generally low in magni

tude. The very earlidst flower count of April 5# 1963» appeared more

1M
closely associated with number of early ripe fruit than either the
April 11 or April 16 counts.

However, the most consistent associa

tion was shown when the number of open flowers on April 11 was
correlated with the number of early ripe fruit.
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